UNCLASSIFIED 

AD  _404  714 _ 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


HCyPICE:  When  govenment  or  other  dravlage,  sped* 
fleatlone  or  other  data  are  used  for  any  puzpose 
other  than  In  connection  with  a  definitely  related 
goYenmient  procurement  operation,  the  U.  S. 
Qovemaent  thereby  Incurs  no  responsibility,  nor  any 
obligation  idiatsoever;  and  the  fact  that  the  Oovem- 
ment  may  have  fonulated,  fuml^ed,  or  In  any  vay 
supplied  the  said  drawings,  specifications,  or  other 
data  la  not  to  be  regarded  by  lapllcatlon  or  other- 
vise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


•5' 


h-  rfl 
c/:;  t* 
■ii' 


der  Technischen  Hochschule  Munchen 


Contract  AP  61  (052)  -  506 


leohnlcal  Report  NOo  5 


Antenna  with  Tunnel  Diode 


Prof .iTaH.H.Meinke,  Institut  fUr  Hochfrequenztechnik 
iQohnleclie  Hoohschule  MUnchen,  Germany 
31.  March  1963 


"Ihe  Z'iaearoh  reported  in  thie  document  has  been  spcn- 
eored  by  the  Aeronautical  Systems  Division,  AFSC 
throu^lh  the  Europe.an  Office,  Aerospace  Research, 
United  States  Air  Force". 


Table  of  Contents 


Abstract  page  1 

I.  Stability  of  Antenna  Syeteme  contalnin/i  Tunnel  Diodes. 


A.  The  negative  Jiesistance  Application.  2 

3.  Network  stability.  3 

C.  Practical  Ne^uirenents  for  a  Stability  Check.  4 

D*  The  Encircling  Criterion  of  Streoker.  6 

E.  Kelatlonship  between  the  Characteristic  Equation  and 

the  Inpedunce  or  iidmittance  Functions  of  a  Network.  13 

F.  Possibilities  for  a  clear  Stability  determination.  19 

Final  Expression  of  the  Btability  Criterion.  23 

a,  dlsoussion  of  the  Limitotion  Assu'iptions.  24 

I{.  Stabilisation  of  Tunnel  diode  Circuits  3o 


II.  Impedance  KeaoureaentB. 


A.  Basic  design  of  the  Tunnel  diode  Circuit.  36 

B.  Measurement  of  Impedances  containing  "egative 

Resistances.  39 

C.  Example  of  u  Measurement  on  a  Folded  dipole  with  T.d.  43 

Bibliography.  45 

Glossary  of  Symbols.  46 

List  of  Illustrations.  47 


Abstract t 


—  1  - 


This  report  deals  with  the  effects  of  a  combination  oonsis- 
ting  of  an  antenna  and  tunnel  diodes.  This  is  a  first  report 
explaining  some  fundamental  rules  in  respect  to  the  ai>pll- 
oatlon  of  tunnel  diodes  with  antennas t  also  the  oorrespon- 
ding  Impedanoe  neasurement  techniques  are  desorlbed.  Fart  I 
of  this  treatment  is  primarily  oonoemed  with  the  stability 
problems  involved  in  avoiding  self-axoitation  pheneomens 
within  the  system.  Fart  II  dlsousses  the  basic  questions 
oonoernlng  the  measurement  of  input  impedance. 

A  folded  tmlpole  with  a  tuzmsl  diode  at  the  top  of  the  ra¬ 
diator  is  studied  experimentally  as  an  example.  The  measure¬ 
ment  of  impedances  with  negative  resistanoes  by  using  slotted 
line  teohniquss  is  also  desorlbed.  The  next  report  will  treat 
suoh  ooablnatlons  whioh  are  of  tsohnloal  interest. 


I. stability  af  latayuiM  qyttiM  centalnlag  lunntl  Biodoa 
A.  Vfgatlye  Stalttaao#  ABPllootlona 

fha  genazatlon  of  a  meatiya  zeslatanoey  «hioh  Is  uohieved 
aithar  tlurough  an  aotlya  four-taxainal  network  with  regene- 
zativa  faadbuok  oz  by  using  the  alxing  princlpleQ  of  a  non- 
linaur  zaaotanoa,  zaquizaa  a  zelatlvely  lazge  number  of  ciz- 
Ottit  oooponants.  Hcmayaz  the  tunnal  diode  offers  a  negative  re*- 
alatanea  In  tha  fora  of  a  aingla  ooappnent  and  its  application 
faquizaaants  aa  a  oizeuit  aleaent  are  the  same  us  those  of  a 
poaltiva  zaaiatanoa  with  tha  sxoeptlon  of  the  folloT«ing  thzee 
pointai 

a)  tha  tunnal  dioda  zaquizaa  a  bias  voltage  (approx.  120  aV). 

b)  It  a  zagulation  zenga  is  United  to  a  oaxiraum  of  10  20  mV 
oauaSd  by  tha  daaoanding  portion  of  its  churactcristic 
ottzva. 

o)  Iha  l.iaaztlon  of  a  nagativa  zsaiotanee  introduces  the  posuio 
billty  of  salf-axoitation  of  the  netnork;  in  many  cases  this 
ia  undaalzabla. 

faking  the  zaquizaoenta  listed  above  into  oonsiderutlon,  the 
TS  oan  ba  used  aa  a  negative  zaaiatanoa  alanent  up  to  an  upper 
fzequaaoy  Halt  "fg”  nhloh  is  also  tha  oaae  for  positive  zesie- 
tanoaa  and  has  tha  saw  oausa.  naoelyi  tha  reactive  cehaviouz 
of  the  oonduotoz  natazial*  (V>a  thaozetiool  nemiconductor 
affect  of  tha  TD  ia  indepandart  of  fzaquenoy  up  to  10  ops). 

Tha  slapla  uaa  of  this  oizouit  alament  thus  provide  'idditionnl 
dagxae  of  fzaadon  as  faz  as  tie  design  of  tho  eXeuirical  net- 
nozlniB  oonoaznadt  sinoa  tha  ]iositive  zesisto-'ccs  ..nd  couductan- 
east  or  the  zeal  part  of  inpetrnoes  and  admittances  rat  be 
eonpanaatad  for  hy  tha  aisa  of  In  this  zespont,  t.70 

appliootion  goals  ean  ba  aat  fiz  the  uaa  of  negative  resictance 
(axoluding  for  tha  sonant  tha  lae  as- 
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•  Mlf-oMlllBtlJtg  mA  ar*  llataA  balowi 

•)  BMtWatlmi  of  a  load,  -ttmo  aokiovlaf  an  aapllfloatlon 
affaot. 

h)  Applloatlon  of  nagativa  raoiataaoai  for  obtaining  apaolal 
l^padanoa  and  adalttanoa  funatlenof  axpooially  tbooa  foaoc 
tiona  haring  dauraotariatio  ourvaa  turnip  in  a  beontar 
olookwlaa  dlraotion  (Influanolng  oharaetarlatio  cmrraa 
turning  in  a  olodcviaa  diraotion  la  rMqtaot  to  a  aida 
band  ooapanaation) .  Aagliflaatlon  affaot  throai^  tha  aa- 
gatlra  raaiatanoa  in  ittila  oaaa,  la  ooaaldarad  of  no  tnlna. 

A  aalf  azoltatioa  of  thla  eorrant  loop  aould  diatnrb  tha 
oparatlng  oondltiona  and  nnat  thaa  ba  oMplatalg  aroldad. 

h  »fiwwt,.gmu3rHr 

Befora  Vataorka  ara  o^oulatad  !<;  la  nordully  aaanaad  that 
Idialr  alaotrloal  bahnrlour  la  auoh  mj  tranaiant  axol- 
tatloaa  ara  of  a  daaaglag  natura  and  aftar  a  abort  pariod  of 
tint  a  ataady  atata  la  aidi.'.arad  In  iddah  tha  .roltagaa  and 
ourraata  ara  thaa  only  lafinaaoad  by  tha  laduoad  algnal  of 
tha  ooanaotad  gaaaratara.  nd>a  aaaaiptloii  la  raiid  for  aa^ 
oaaa  of  paaaira  aatworira  and  thaa  naad  act  ba  lavaatlgatad 
for  aaoh  ladirldual  oaaa. 

Bowarar  thla  aaauaptloa  doaa  aot  aaeaaaai’y  apply  whan  tha 
natwork  ooatalaa  aotira  fourpolaa  with  iwganaratlva  faadbaak 
and  /  or  aagatlra  raalataaoaa.  ThOrafara  it  oaanot  ba  aaaarad 
that  tha  aattMdaa  of  aatwoxh  aaalyalat  tha  ooaplak  oaloalatlon 
and  tha  oharaetarlatio  ourra  rulaa  all  Itallflll  tha  ragalrami^ 
for  auoh  a  ayatan.  m  aoat  oaaaa  tha  traaa'wt  oaoiUatloaa 
of  olroalta  laoerporatliMr  aapitlra  xaaiatancaa  do  aot  daoay 
mth  tlna,  rathar  they  Saaraanot  aad  aa  a  raaolt  of  tha  Boa> 
Unaar  llaltatlan  affaata  althar  a  atudlag  oaolllatlea  will 
appaar  or  a  para  aaponaatlal  oarraat  laaraata  j^raranta  aa 
adjaataiat  of  tha  apaantiag  point  of  tto  aagatlva  raaiatanoa 
^«MWt. 


Th«r«for«  it  iMAoMa  •rtarcualy  dMimble  to  asriooiato  a  ata- 
bliity  oliaok  ta  ooajtxaotloa  with  tlia  oalonlatica  of  lacdi 
oironlto  or  to  Atdc  tho  atabilltjr  of  an  oxiatlag  eir^iit 
bj  ueaaa  of  aoaiaraaMit.  In  additloa  it  would  be  quit#  ad- 
tantafooua  if  a  oirooit  wbi^  haa  boon  prowm  to  be  Isatablo 
oeuld  bo  atabilisod  bgr  ualac  a  aultable  arraagenent  vdilob 
dote  not  diatorb  the  initially  proaet  and  required  olrimlt 
fuaotioaui. 

Both  of  the  abowe  mentioned  problema  will  be  treated  aepera- 
tely  In  following  texti  71rat  of  all  the  problem  of  a 
general  atablllty  orlterium  oheok  will  be  treated  in  aeotimi 
0  -  r.  Vhe  atability-orlterlumt  idil<di  la  actually  eultable 
for  praetloal  ohedcat  la  expreaeed  at  ‘Uie  end  fo  aeotion  7. 
Circuit  reoooaendatloaa  whlcdi  have  acme  obanoe  of  being 
atable  are  given  la  aeotion  H.  Bewever  la  oaae  the  praotioal 
applloatloaa  of  then  dhould  prove  to  be  instable  outalde  of 
Idle  operating  frequenoy  range  due  to  stray  oirimlt  elementa 
idii<di  are  too  diffleult  for  the^^^etloal  eonalderatlon,  these 
eirouite  oaa  be  restrained  froa  aelf-ooolllation  by  means  of 
Inserting  a  fwo-Pole-Stabiliaer  ( Section  B) . 

0.  Praotioal  Heoulrementa  for  a  Stability  Cheok 

Basleally  It  la  always  posalble  to  Inreatlgate  the  dynaalo 
behavloar  of  a  olrouit  via  a  system  of  differential  equations 
idien  the  network  struoture  and  else  of  the  li^lvldual  olrouit 
ooaqonents  is  ooapletely  known.  Phe  transients  (general  so¬ 
lution  of  ^  honogeneous  dlff.  eq.)  as  well  as  these  ourrents 
and  voltages  shiOh  are  erased  by  the  ooUneoted  generator 

(speolal  seluticm  of  'Uie  Inhomogeneous'  dlff.  eq.)  by  means  of 

« 

Ihe  oonqiilos  ealoulatloa  oaa  bs^oaloulated  from  these  dlff.  e<pai 

Toe  trrasieats  of  Interest  can  hardly  be  oalcrulated  in 
^rac^oe  for  the  followlag  two  strosf  esaaonas 

1.  If  the  network  oontalns  more  than  two  rMotive  oonqpoaents 

then  the  solution  for  the  oharaoterlstlo  equation  of  the 
tb 

n  order  Is  difficult  and  hardly  possible  in  practice 
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2.  fha  o»ot  aatwork  struoture  nor  tht  aize  of  the  iadivl» 
dual  omq^nenta  are  ao^lly  vnknoim  even  fo:*  what  appears 
to  be  a  aliaple  exaiaple.  Szperienoe  baa  ehoAii  that  even 
atra7»  and  oouple>raaotauoes  In  the  order  of  magnitude 
leaa  than  1  nH  and  1  p?  roapeolvely  may  nob  oe  negleoted 
If  the  atablllty  orlterlua  of  wide-band  negaMve  resietaaoe 
olrottlte  la  to  be  Inveatlgated. 

In  reapeot  to  the  flrat  above  mentioned  dlff lou  Lty,  a  vmy 

isH 

out  oan  be  found  even  for  n  -^erm  networks  In  likat  one 
abandons  the  searoh  for  an  explicit  solution  of  the  n-solu- 
tlona  of  the  oharaoterlatlo  equations,  and  rather  determines 
If  by  means  of  a  almple  relatloxishlp  of  the  function  theory, 
wbether  the  oharaotarlatlo  equation  oontains  at  least  one 
aolutlon  (Eigen  frequenoy)  with  a  positive  real  part  (an 
unlimited  inor easing  transient  oeolllation) . 

This  method  (enoiroling  orlterium  of  P.Streoker  [l]  [2]  ) 
will  be  described  only  in  short  In  the  following;  jlnoe  It 
has  praatically  no  mesnlxig  In  respect  to  the  second  diffulty 
mentioned  previously.  However  this  method  Is  of  some  value 
for  the  derivation  of  the  suggested  method  of  determining 
stability  as  will  be  shown  in  the  following. 

If  the  two  previously  mentioned  diffloultles  are  compared 
with  one  another  then  one  oomes  to  the  ooneluslo]:,  that  a 
pmotioal  and  meaningful  stability  check  definitely  requires 
moasursneat  of  the  network  liehavioixr  and  network  funcions. 

The  measurements  must  be  conducted  so  completely  and  with 
su<di  s  high  degree  of  aooura''oy  that  the  above  mentioned 
parasitio  alementa  (1  nH,  1  pF)  oan  be  readily  pinpointed 
in  tha  measuremant  data. 

Theaa  requlraaenta  are  fulfilled  by  the  impedance  and  ad- 
mlttanoe-funotlonst  in  reciprocal  olrouita  theee  funotlone 
are  superior  to  tranaformatlon  fttnotlona  dus  to  the  former 'a 
olarity  in  respsot  to  their  uzxlversally  aooeptel  definition 
aa  wall  ss  thslr  rellsble  practloal  measurement,  oinoe  the 
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idaat  d«velop«d  her*  have  1w«n  aeveloped  for  the  itne  of 
ne3atl\«  reaiateno**  in  linear  networkBf  raolproorit-  exiets 
without  a  doubt.  If  on  the  other  hand  one  ie  oorcerned  with 
a  network  in  which  aotlve,  non-reelprooal  fourpclea  are  oon- 
•ideredf  then  the  traneformatlon  funetiona  are  Incorporated 
aa  oheoking  function*  (for  example  the  Nyaulst  >!rl ’erium) . 

The  preferred  funotlon*  mentioned  above  oan  be  lound  aa  mea- 
aured  oharaoteristlo  lmpedenoe>  or  admittance  ourvee.  In 
addition  aucdi  ourvee  of  a  praotloal  and  realiisable  network 
have  a  desirable  advantage  in  that  they  can  be  constznioted 
with  great  eaee  in  the  coaplex  plane.  However  along  with  this 
advantage  exists  the  fact  that  the  characterlstj c  curve  which 
was  found,  by  measurement  only  wi[B(tfln  a  limited  frequency 
range  fox  a  network  which  is  not  oompletely  know:i,  oan  be 
extended  for  very  hi^  and  very  low  frequenoleo  via  graphical 
conatruotion  since  this  ouxve  is  always  dependezit  upon  the 
driving  funotlon  of  the  oiroult  element  which  is  directly 
oonneoted  to  the  measurement  terminals. 

P.  The  Bnoirolimt  Cruterium  of  btrecker 

The  train  of  thought  presented  in  this  section  is  concerned 
with  a  pure  analytl(»l  search  for  the  Eigen  values  of  a 
ooqplloated  differential  equation  or  of  a  syeteim  of  coupled 
differential  equatlonat  however  they  form  the  ba.;iiii  for  the 
following  relatlonahip  between  the  oharaoterietic  curvee  of 
the  lavedanoe*'  and  oonduotanoe-  funotlone  and  the  inoreaeing 
or  decaying  tranaients  of  the  network. 

It  ahould  be  noted  that  a  stability  test;  no  matter  in  which 
MUmer  it  is  aocompl;i.shed^  must  pertain  to  the  completely 
olosed  network  I  and  not  only  to  that  current  loop  which  en- 
ooapaseea  the  negative  resistance.  Tor  example,  if  one  wlehee 
to  Insert  a  TD  into  an  antenna,  -then  the  netwoi*k  oonaieta  oft 
the  antvana  with  the  eurrounding  region  and  the  receiver  input 
lapedano*.  If  the  latter  were  to  be  changed  slig'dtjy  (for  ex~ 
•aple  approx.  20^)  the  oondltion  of  matching  would  hardly  be 
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Qlt«r«d.  However  ••  fmr  ••  th«  investiga  tion  is 

oonoernedi  m  eoapletsly  different  network  now  ezlste  and  een 
for  exes^la  teooae  unstable  resulting  Ikom  the  alteration. 
This  ozitloal  operation  behaviour  of  oiroults  oonthining  ne¬ 
gative  reeistanoes  rests  upon  the  fact  that  the  desirable 
efx'eotf  as  for  exanpls  deattenuatlont  obtained  by  inserting  a 
negative  reslstanoet  foroes  a  eiroult  design  which  is  already 
very  dose  to  the  etablllty  aargin. 

The  transients  (eurrent  tins  funotlons)  of  a  purpoeely  chosen 
staple  exaaple  as  in  ?lg.1  will  be  investigated  via  a  system 
of  differential  equations.  The  following  solution  fora  is 
antlolpatedi 


»o2* 
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This  aeaxM  that  eaoh  aesh  ourrentt  1^,  I2  etc.  consists  of 
a  sua  of  time-dependent  ourrent  ooaponents  the  number  of  which 
is  the  same  as  the  number  of  independent  energy  storage  com¬ 
ponents  within  the  network.  As  far  as  the  stability  consi¬ 
deration  is  oonoemed  only  the  time  dependencies  axe  of  interest* 
therefore  only  the  Xhgen  frequenoies  or  transient  characterls- 
tlost  p^^t  p^2  0to.{  the  initial  aaplitudest  etc,  are 

not  of  Interest. 


L 


Sxaaple  for  «  sisq^Ie  eireuit  iaeludiog  a  negative  resistor. 
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If  tlM  voXtaf*  dropt  are  •umned  for  the  mei^h  .i 
th}  olodmlM  dlreotloa  the  following  is  obti;  luf  : 


Neeh  1  i 


r, 

B J  *1' 


Meeb  2  I 


dig 

igdUl^ 


After  the  eahetltutloni 

■ede  la  the  efoetlone  and  the  latter  aivlded  "ilvrjc.i 

fuaotloaie^o^ 


Ifosll  1  1 

*1<  -«.  ♦  jjo  )  ♦ 

^2^  -  p- 

Meeb  2  t 

*^0  *^0 

K 

0  p 

In  thle  Banner  the  eyetem  of  hc-mogeneoue  niff.  i 
poeed  to  a  ejetea  of  algebralo  equations  in  whir'-, 
ourrente  are  luaknown.  The  reetO-tiog  equation 
whloh  aero  le  the  value  to  the  right  of  the  e:jue 
I^  and  I2  should  not  he  serot  these  equationu  art:  1 
fled  irtien  the  detemlnent  of  the  soefficient'SQstj- 
then: 


^  -  Po\w  -  p^d-Vp®)  -  ® 


« 0 


-  0 

has  been 
the 


0 


..  0 


,  .8  treus-* 

and  the 
)  .0  one  in 
'(fn;  since 
r  •  .y  satis- 
;  lisappearst 


(  1  ) 


(  2  ) 
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She  sMlfttlOBiliip  (2)«  !•  ttie  dcttndBg  tqiMtion  .  cr  th«  n-Ufm 
freqmtBolest  p^2*  P^yu  and  will  b«  or  "l  od  th« 

otiaraotorlRtlo  H[i»tloa«  a^ra^^ot  to  the  sbovo  exs^plR  • 
•toond  order  polpnoalal  la  obtalaed  and  only  two  eolutionat 
liigaa  freciuoiielea  p^.,  and  Pq2  wbioh  the  polynoalal 

wn  have  the  value  sere»  and  pertain  then  only  to  'two  energy 
atonge  devioea  la  the  network. 

She  aethod  of  tranapoalag  the  ayetM  of  ooupled  diff .  e^aatleiM 
to  a  ayatea  of  algehralo  aquatloaa  laatMd  of  aetttag 
the  Oharaoterlatlo  aqua,  la  the  uaoal  mniaop  has  been  dona 
Intentionally  hero  In  order  to  be  able  to  ake  uoe  of  the 
atrlz  order  aOhme,  In  thlo  anner  aoltl-teraed  natazdea  oan 

r 

ba  laveatlgatad  la  a  dlgaatlbla  aanaari  for  exaaple  by  ualng 
the  any  tranaforation  rulea  for  equlalent  a^lxea  thua 
oonaldeably  alaplyfylag  the  aloulatlon  prooeadure  for  the 
doteralnat.  In  addition  aome  general  pare  algebraio  atabl* 
lity  teat  aethoda  exlat,  vdiioh  raat  upon  the  ooeffioleht  m- 
trlz  aet  up  in  (l)  (for  eaavla  the  detaralnat  ortteriua  of 
Rurwlta  Oil).  Alao  It  la  ooaaoa  praotlM  to  obtaii^  i>he  derlWa* 
tlon  of  inpedanoo  and  conduotaace  faotioa  froa  iifuoh  aah 
eqatloa  or  atrixea*  and  in  thia  aaaner  the  relBtlmt»<ohlp 
between  the  dauraoterlatle  equatloa  and  the  network  fuaotloaa 
(Inpedanoo,  oonduotanoe,  traasforaatlon  valuea)  uan  be  wrlttwi. 

for  aa  n^^-tem  network  a  polyaoalal  of  the  n^^-order  la  ob¬ 
tained  aa  the  oharaoterlatlo  aquatlont 

Vo"  ♦  . . Vo  ♦  *0  -  0  (3, 

and  it  le  now  not  poaaible  to  oaloulate  aiqplloitl^  the  n*>ooltt> 
tioaa  which  are  the  n^Slgaa  frequeney  valuea. 

Shla  dlffleulty  oan  be  bypaaaad  in  the  following  tennar} 

» 

Aotually  It  la  not  required  that  the  nuaerloal  value  of  each 
M^n  frequeaoyi 


1o 


bt  ]uu>«a,  •Iftot  «•  art  only  ia  dtiwniialagt  if  ^ 

Ml  'ork  !•  atabl*  or  not  and  it  MtM  be  b«  imiapovtaat  to 
know  oxeetlj  ia  eliet  reepoet  the  oorroi^eadiag  aetwork  lo  ua- 
•teble.  fble  aeaae  tbat  it  ie  aot  reqai^d  to  kaoo  «niot 
tloo  fuaetloa  with  o  troaolaat  dooajo  w  i^oreoooo  la 
aaplltttdo.  IbMroforo  it,  ie  oafflolMt  to  kao««  oigr  eao  of 
the  a-oolati«Mi  *9^*  of  the  ^loraetoriotlo  equatimi  po^o  o 
pooltlvo  reel  port  **  If  this  ooadltloa  dooo  oslot, 
then  tho  oorroat  ooopoaoat»  ^iabe  alraro  oil  11- 

alto  with  laoAolag  tiaot  howoror  tho  othor  ettrr«it  oM^oaeatfl 
iriilOh  hOTO  o  aofitlTO  rool  port  la  the  oiqyoaoat  doeroooo  to** 
oordo  ooro  with  laorooelag  tlao  "t*. 

Acoordlaglyt  tho  laltlol  oorroat  oaplltudoo  **'^^*'  oro  oloo  oa- 
loportoat  oad  aood  aot  bo  dotoralaod  horot  thop  oonld  boro  oa 
orbltrorp  oaoll  wolao  for  oaoaplot  thoy  ooold  dtooorlbo  tho 
aoloo  ooplltttdo  of  tho  olreolt  ooapoaoat  Itoi^.  ,fho  ooqpo- 
aoatlol  laeroooo  oe  o  faaotloa  of  tlao  la  rooUltj  (iotonrLn<»a 
tho  dyaoBlo  bohowloiir  of  tho  olroult.  It  ooa  ooeur  that  tho 
laltlol  troaoloato  aop  dowolop  lato  o  otoody  ototo  ooolllotloa 
(ooolllotor)  roottltlaf  froo  tho  aon-llaoor  bohowloto'  of  tho 
olroalt  ooopoaoatt  aouolly  of  tho  nogotlvo  roolotoaco  Itoolf . 

Xn  ordor  to  oaowor  tho  doololro  quootioa  oborot  "Dooo  tho 
okorootorlotlo  oquotloa  boro  ot  looot  boo  oolntloa  with  o  po« 
oltlwo  rool  port?"  Tho'followlag  trootaoat  la  oadot  tho 
aacaotttdo  "p^*  of  tho  polyaoalol  (3)  io  oobotltatod  by  a  co> 
aoral  oo^^ox  anobor  *p*  oad  tho  followlag  ohoroetorlotlo  faao* 
tloa  lo  obtolaodi 

V"  ♦  ♦ . *1*  ♦  *0  • '  <♦) 

Thlo  polyaoalol  la  aow  ooaoldorod  ao  tho  traaoforaatloa  fuao- 
tloa  for  troaafonilaf  froa  tho  oooplox  p-ploM  to  tho  ooaplox 
f-floao.  Aotaolly  oaly  tho  iaaflaory  axle  of  tho  p-ploao  lo 
to. bo  teWMferaodt  tbaot 


ai3«  ♦  Ojj  .  F 


(5) 


and  a  dafli^te  aarra  la  oMalaad  in  the  F~plaae  (a  «  Fig.  3  ) 
fhc 'S  ftlaaUjr  taa  polynoalal  In  (9)  can  he  deoocQ  to  the 
follo«lz4  faetorat 


i.l«  "Poi)(  .  ■  (F  -  0) 

Ea<^.  of  the  llnaar  faotora  (t^p^)eorreapoada  to  a  veotor  In 
th*i  p-plaae  idiiah  la  to  be  ooneldered  aa  exlatiug  between  the 
Eigen  value  p^  to  the  novable  point  on  the  la&glt^y  axle 
(eee  fig. 2).  If  the  netwoz4t  la  atable,  «dxl<di  neana  that  all 
Eigen  frequenolea  lie  on  the  left  aide  of  the  p-plane,  than 
eaoif^  eeotoi)rotataa  about  the  angle  *  ff  aa  m  takea  <m  all 
the  valuea  between  -  and  ♦  oo  in  thin  order.  The  rotation 
angle  aun  of  all  the  n  llnaar  faotora  on  the  left  side  of 
efBatlon  (6)  aunt  howoTMr  be  equal  to  the  rotatlozial  angle  of 
the  (F^)-va0t«r  on  the  rlid^t  aide  of  the  equation. 


.er«a  la  the  p  •  plane.  The  plotted  ourre  of  the 

aidiaa  F  *  PwUction. 


Hov^rer  the  aotual  poaltion  of  the  Blgen  vaXuae  are  not  known 
in  the  p-p3Laae  but  the  tranafomatlon  of  the  Inaginary  axle 
of  tie  p-plaaa  Into  the  oorva  F(  o>  )  !■  available  hj  eqiuatlon 
(5'  >  HoMvwr  alnaa  the  order  of  the  polyimalal  la  epeolfiad  ^ 

(51  and  thereby  alao  the  nuaber  of  the  poealble  Eigen  frequenelee, 
or  linear  faotora  of  the  eeparatlon  at  In  (6)  it  cai'  now  be 
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Midi  A  v«ootr  (7-0)  whloh  Mists  bstsesn  ths  yrig-  u  of  ths 
f-plAHS  to  ths  points  on  ths  » arvs  7(0)  } ,  will  rot^ to  shout 
ths  orifin  with  ths  sasle  /i  •  *n‘ir  if  ths  oirouit  is  stablsi 
shldi  BMns  that  all  ths  Eigsn  frsqusnoies  have  negative  rsal 
parts  (sse  fig. 2  *  3  for  ni>2).  However  if  instability  exists, 
which  asans  that  at  leasts  oas  Sigea  valae-is  lo<»4ei  in  the 
rii^t  side  of  ths  p-plaas,  thsn  one  of  the  n  pcsflibls  veotors 
doss  not  exist  in  the  left  side  of  the  p-plane;  thuu  its 
oorrssipoading  rotation  factor  *ir  is  missing  and  the  rotation 
factor  -V  of  ths  oorrssponding  vector  onuses  its  appsaranos 
in  the  right  al.'ds  of  the  p-plaas  (sse  fig. 4). 

Thus  a  single  Eigen  frsqEUsnoy  having  a  positive  real  part  pre¬ 
vents  ths  naziann  possible  rotation  angle  of  the  (7-0)-veootr 
•  a*tr  by  the  faotor  2. 

Therefore  the  results  yield t 

the  oirouit  is  stable  for  jb  ■  ntT 

the  oirouit  is  unstable  for  Jb  < 


7i«.4  Fiff.S 

Seres  la  the  p-Plaae  The  plotted  curve  of 

aiding  F  -  Funktien. 


In  oonolusioa  it  shoved  oaoe  again  be  noted  that  these  stability 
^^ing  proeedures  any  only  then  be  applied  when  the  network 
strusture  is  known.  The  (Anraotaristlo  ourvea  which  are  depioted 
in  fig.  3  e  5  desorlbe  an  aiding  funotlont  7  (  n  ),  whit^  has 
no  ttsanlng  other  than  being  an  helping  function  and  also  oan 
not  be  detemined  by  oirouit  measurement. 
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E.  *i?h8  Ptlationirtili)  beween  the  Gharaotgrlatlo  Eoyetlon 
and  the  lapedanoe  or  Conductance  Punetlone  of  a  Katwork 

In  the  I’ollcmlag  It  will  be  ahown  that  the  ohareoterlstlo 
equation  ('J)  ie  oontained  in  each  Inpedanoe  and  ocnduotanoe 
fU)\otlon.  In  addition  the  limitatione  in  uneing  tie  oharao- 
i;ei*l«tic  eirvee  of  euoh  funotione  in  reepeot  to  the  stability 
oheokt  which  wee  developed  in  the  preceding  section,  will  be 
shown. 

First  of  all  a  sintple  network  as  in  iig,6  will  be  Investigated 
Ir  order  to  determine  the  relationship  between  the  Eigen  fre¬ 
quencies  o:*  s  network  and  the  respective  inpedanoe  or  oonduc- 
tanoe  funotiona.  The  network  of  fig. 6  oontaim?  a  lossless 
pasmllel  rosonanoe  circuit.  If  in  the  following  relationship > 


Piff.6 

Sxaaple  for  a  eirouit  having  seros  only 

a  finite  vcitngj  exists  at  the  network  terminals  even  for  an 
infinitely  small  ourrent  ”1”  (open  okt.  terminals)  then  »  0. 
For  the  above  exenq^le  this  condition  opn  easily  be  vrfsualisedi 
For  thd  !^ten  frequency  a  voltage  can  exist  at  -^c.he  termixials 
of  c  lo  stile  ss  tank  circuit  without  requiring  that  e  current  be 
lndi.ee d  Into  the  network  from  without.  This  mearis  that  the  Eigen 
freq.eno;.es  of  the  network  are  obtained  from  the  requirement: 

~  above  exanq^le  the  following  is  valid? 


Y 


b 


abiU^JL 

pL 


n 

»nd  from  Yj^  «  0  or  p''I»c  ♦  1  ■■=  0  the  following  is  chtHined: 

*)  the  subscript  "b"  means  that  the  corresponding  coziduotanoe 
pertains  to  a  braoh  of  the  network. 
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P-  -  6,  +  •  fjssBy  sad  (i4  ■ 

®  fia 

J 

(for  a  lotsleee  taxik  olrouitt  6^  0) 

Each  lapadanoa,  oondaetaaoa  and  tra&aformatlon  function  ooaalata 
of  ratio  of  two  polynoalala  whw  oonaidarad  analytloallyt 


(9) 

Iharaforot  If  tha  Eigaa  fraquanolaa  oan  ba  oalovOatad  tr<m  tha 
raqttlraaantt  ■  0,  than  tha  Bnaaorator  polpnoalal  in  (9)  anat 
ba  Idantloal  to  tha  oharaotarlatio  aquaatlon  (3  )  of  tha  elroult» 
aa  ooaparad  to  tha  prawloua  aaotion  thara  they  ware  obtained 
froa  a  ayatm  of  dlffarontlal  aqnatlona.  (for  an  lapadanoe 
faaotion  tha  polynoalal  of  Intaraat  la  found  In  the  da- 

aoalaator.)  la  thla  raapaot  It  la  unlaportant  i^a  to  which  tarainala 
the  oonduotanoa  fonotlon  (  9 )  partalna  alnoa  tha  nuamaarator  la 
Idantloal  for  all  found  In  tha  network.  Tberafore  whan  tha 
lapadanoe  or  oonduotanoa  fuaotlon  oan  ba  praoantad  in  algabralo 
fom  aa  la  aquation  (9),  tha  dmraotorlatlo  equation  oan  'ba 
raoodBlaad  allowlac  for  tha  uaa  of  tha  anoirollng  oritariun  of (7). 

Setting  ap  tha  analytloal  oonduotanoa  function  ia  aonawhat 
alapllfiad  by  aaaaa  of  a  OMtinuad  fraotlon  oorraapondlng  to  an 
arbitrary  natwozdc  braa^  aa  compared  to  aattlag  up  tha  ayataa 
of  ooiqpl ‘d  dlffarontlal  aqpationa  and  oaloulatlng  the  datar- 
ainant  of  tha  ooaffiolant  aatrix. 

Before  tha  enolrailag  arltarlnn  oan  ba  applied  in  a  merely 
traphloal  aaanar  to  ahuaiotarlatlo  ourwaaf  (aotually  thia  goal  la 
tha  only  one  of  praotlaal  Intn^aat)  tha  aaaning  of  the  danonina- 
tor  polynoadal  of  aqaatlMi  (9)  bhould  bq  giwanf 

Zf  a  finite  current  la  naaeurad  at  tha  tarainala  of  fig. 7  awaa 
thoogh  tha  weltaga  la  infinltaly  aaall  In  aaqplltuda  ( ii^t 
t«nalaala  of  flg*7  ahort  olroultad)  than  in  tha  relationohipi 
1  a  tt'Y^  of  the  oonduotanoa  Y^  auat  have  tha  value  oo  ,  or  the 
danwilnater  polynmalal  of  aquation  (9)  anat  baooae  aero.  Tha 


&  BmI 

. . 

bj^*  ♦  ♦  •••••••  b^p  +  b^ 
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Eigru  fi*e  qurmoltia  are  obtained 
from  thlM  rolationahip  of  the 
oetwora  «hinh  lo  altered  In 
attcb  oanr^er'  The  denoalnator 
polynoalal  of  a  oonduolainoe 
function  (or  the  nuaearator 
poljnoalal  of  a  Isqpedanoe 
function  is  the  oharaote- 
riatlc  eq.xtai:lon  for  the  net- 
eork  whlcdi  :.8  jhort  circuited 
at  Ite  term.nale  (for  or  Z^), 


Pie.7 

Example  for  a  oiL'oult 
having  polen  . 


In  order  to  aake  use  of  the  previously  mentioned  etability  ohe<dCt 
the  degree  ;>f  the  numerator  polynomial  must  be  known;  this 
knowledge  oannot  be  obtained  from  the  shape  of  the  oharaoteris- 
tlo  ourre.  However  it  is  known  that  for  all  the  impecanoe,  oon> 
duotanoe  and  tranafo:^tlon  funotlonsy  the  numerator  and  de¬ 
nominator  polynomial  differ  at  the  most  by  one  ,  which 

means  that  they  differ  from  one  anoldier  by  at  moet  )ne  Eigen 
fretiuenoy  oi*  one  veotor  in  the  p-plane  (aee  fig. 2  v  4).  This 
relationahiji  ie  independent  of  the  number  of  the  reactance 
oomponents  v^hloh  the  network  oontsins»  thus  independent  of  the 
magnitude  of  "m^  and  "n”  In  equation  (9)> 


iPrev^iouely  it  has  been  mentioned  that  the  complete  rotation 
luigle  of  the  function  (3)  or  (4)  le  n  «fir  when  the  variable 
paseee  throvg^  the  values  from  -  00  to  4  00  and  the  K  twork  is 
stable,  which  means,  that  all  the  Elgsn  values  lio  In  left  side 
of  the  p-plsne.  However  due  to  the  fact  that  ^  =>  c:"  ^ 

Che  rotatloT.  portion  of  the  denominator  polynomial  he a  the 
oppoBl'*'e  si,ru  as  compared  to  the  numerator  polynomial  and  elnoe 
the  -^wo  polynomials  oan  ozily  differ  in  their  degree  by  the  value 
of  one,  tho  complete  rotation  of  a  (Y^-O) -vector  oan  only  have 
the  lollowixg  valueat  /S  m  -•Tl'  ,  jff  m  0,  or  /i  ^ 

Elg. (8)  shows  these  three  possible  cases;  they  differ  from  one 
another  in  that  either  the  dregree  of  the  numerator  or  denomi- 
mtor  .riolynomlal  is  larger  or  both  have  the  same  ma^^itude. 

The  oircult  differs  in  that  the  network  etruoture  directly  behind 
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the  terainftla  dlffttrs  and  the  oorreepondlng  aharacteriatlu 
oorvea  differ  in  their  exid  poiz^ts  for  the  frequercy  . 

At  thle  point  a  limitation  must  be  made:  the  txaitple  of  fig,& 
which  ie  a  oonduotanoe  function  having  a  higher  degree  in  the 
denominator  polynomial,  ia  to  be  excluded  in  the  following 
oonaidentione.  19118  particular  atarta  with  a  aeries  component 
whereu-aa  the  oonduotanoea  Yb>  which  are  to  be  cone! dared  here^ 
are  always  to  be  meaeured  parallel  to  branch.  Thia  limitation 
ia  net  aerioua  since  the  chamoterletlo  -curves,  vhioh  sez^e 
for  determining  circuit  atability,  may  correspond  to  any  erbi- 
trahlly  dicsen  terminal  pair  up  to  this  point.  Alec  for  net¬ 
works  in  which  the  structure  is  not  oooqpletely  know:^.,  a  terminal 
oan  certaiiAy  be  found  at  which  a  branch,  luamely  ?.r 
parallel  aoiq)onent  as  for  .example  a  parallel  capacitance,  e}<iQt8. 


I 


?ig*S  t  Foies  sad  seroe  of  a  network  with  the  oorreepordlng 

adaitteaob  ovuvoe. 


I 
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fhtrtfor*  It  o«a  b«  wld  tlitt  th*  (Yg>0)-v«otot  which  Is  to  bs 
oottsidsrsd  ta  axittlag  bstwssa  th9  origin  and  a  aovabls  poiat  on 
the  Y^-cnwa,  eaa  only  rotata  by  tha  angle  fi  ^  -tff  o:'  /6  m  o 
it  tha  network  (aaa  flg.8)  la  atablai  aa  tha  vector  point  paaaaa 
along  the  Ohara otarlatlo  ourva  for  all  fraquanolee  a  -oo  to 
u>  a  *co  In  thia  order. 

How  1b  to  be  aasoaad  that  tha  natwork  is  tinatable;  thus  the 
numerator  of  tha  Y^-funotlon  poaseasea  at  least  one  ssero  in  the 
right  side  of  the  p-plana  idiaraas  the  denominator  baa  only  Eigen 
values  (for  tha  praaant  oonaldaratlon)  in  tha  left  side  of  tha 
p«plana  aa  daplotad  by  fig.  9a  *  9b,  Since  tha  vaotor  in  the 
ri^t  aide  of  tha  p-plana  gives  a  negative  rotation  oomponant, 
tha  rotation  angle  aom  of  the  pasaiva  conductance  function  given 
above,  oannot  be  nalntainad,  Tha  angle  j6  of  fig. 9  attains  tha 
vales;  0  m  •If  or  0  at  -  even  for  a  single  1.' creasing  Eigen 
frequency  thaaa  values  oannot  exist  for  any  branch- conduotanoe 
of  a  stable  network  (flg.8). 
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Wg.y  I  Poles  sad  saros  of  s  network  with  the  oorreepondinff 

sdaittsaoe  ourres. 


?or  the  preset  requirement  for  fig, 9/ namely  that  tLr  oirouit 
if  etahle  for  the  condition  of  short  circuit  at  the  teriainala 
of  Y,,,  the  atahillty  oriterium  oan  be  stated  in  the  following 
mannetr:  "Titi  network  is  stable,  if  the  rotation  angle  of  the 
vector  which  ie  pictured  as  esletiiig  between  the  cri/iin  and  an 
arbitrary  r  iint  on  the  oharaeterietio  curve  of  an  arbitrary  branch 
conducts nc:;  Y^  ie  not  negative. 

At  this  point  it  seems  that  an  objection  can  be  msfle;  namely? 

What  significance  does  the  etability  oriterium  ha've  when  It 
also  req’T.ires  the  experimental  determination  of  a  specific  sta¬ 
bility  f  vlth  short  circuited  terminale)?  It  should  be  reminded 
here^  tht  t  the  purpoee  of  the  stability  check  is  net  only  one  of 
determining  whether  the  particular  network  In  question  Is  stab¬ 
le,  (this  could  also  be  determined  via  experiment)  rather  the 
prlnclpt;!  pi:rpo8e  of  this  method  seems  to  be  the  determination 
of  definite  azu'angements  which  allow  for  stabilizing  the  network. 

Slnci^  ihe  :xoi  ce  of  the  measurement  terminals  is  completely  free 

for  tne  abt  re  mentioned  oriterium,  and  no  requirements  of  the 

network  (f;  •  example  concerning  tha  number  of  the  negative 

resistance  a  contained  therein  have  not  been  set.)  1,  seems 

*/ 

theoretically  possible^  that  a  terminal  pair  exists  at  which 
first:  a  short  circuit  does  not  cause  inetabllity,  and  second: 
the  measurement  equipment  does  not  effect  this  condition  (as 
ouuld  be  caused  by  the  imput  impedance  of  the  measurement  equips 
ment)  sines  the  meaexxrement  at  an  osolllating  network  cannot 
yield  data  which  can  be  evaluated.  Later,  this  general  but  in¬ 
sufficient  formulation  of  a  etability  oriterium  will  once  again 
be  referred  to  but  dropped  for  the  present,  since  the  required 
limitatiorb  mentioned  previously  in  this  respect  cannot  be  guaran^ 
teed  when  an  absolutely  reliable  stability  test  Is  to  be  aocom- 
pllshed  for  a  complicated  oirouit. 

Since  experience  has  shown,  that  an  unstable  network  remains 
unstable  for  most  cases  even  when  u  network  branch  is  short 
oirrulted  (aotually  vei^^  few  branches  of  the  network  are  r^dlly 
available  for  measurement)  an  impedance  or  oonduotar.ee  ftmotion 
cannot  enable  a  clear  etability  examination  when  these  general 
requirttaents  are  considered. 


1 
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rht  rtaacn  for  tho  abovo  atatuasnt  can  ba  obtained  from  the 
foil  owing  train  of  thoui^tt  If  the  danoainator  of  example  in 
fig.  9  had  alao  had  aiiEigan  value  in  the  rl|^t  aide  of  ^ha  p-plana 
(unstable  under  the  oonditlona  of  short  olroulted  terminal  pair) 
then  the  negative  rotation  obs^onant  of  the  numerator  polynomial 
would  have  been  compensated  by  the  oorresponding  component  of 
the  denominator  polynomial »  and  the  rotation  angle  check  of  the 
'funot j  on  would  have  given  the  same  result  as  the  case  for  a 
stable  circuit  (fig. 8). 

Therefore  it  is  quite  clear  that  the  previously  developed  rota- 
ti on-angle-cheek  is  insuffiaoient  for  bu<^  oases.  Certainly  the 
investigation  via  measurement  of  such  network  is  also  fruitless 
sincst  as  has  already  previously  been  mentioned,  the  m.i>asurement 
of  an  oscillating  network  is  of  no  value.  However  If  the  charao- 
taristio  curve  of  such  a  oirouit  had  been  oonetrjicted  in  the 
resistance  or  oonduotanoa  plane,  than  the  Instability  could  have 
bean  predicted  by  means  of  anallaing  the  behaviour  of  such  unusual 
eharaoteristic  curves.  For  example:  If  the  claracteristio  com¬ 
pletely  remains  in  the  right  side  of  plane  and  contains  only 
counter  clookwise  turning  curvatures.  Also  the  correlation  of 
speciiio  regions  in  respect  to  their  boundary  curves  as  obtained 
from  conformal  mapping  prinolplss  can  auooessfully  lead  to  de- 
tenainatlon  of  an  Instability  in  that  one  determines  whether  the 
oriirix^  of  the  Y^-plane  oan  be  mapped  into  the  region  of  the 
p-plane  having  6'>0.  Additloiuil  ex.tterions  of  this  mture  is 
being  Intentionally  omnitted  here  since  a  dasirable  system  in 
this  respect  oould  not  be  obtained  as  of  yst  and  the  majority 
of  such  iriterions  only  lead  to  an  Instability  statement}  howevmr 
no  t'.ifli^  te  oonoluslon  is  rsaohed  as  to  the  stability. 

F,  Poi all  tlities  for  a  Clear  Stability  Doterminatton 

f^om  the  oousidsratlons  developed  la  the  preceding  sect ion  and 
oape  :ially  ..'rom  the  determiztation  of  the  infli\enoe  of  the  de- 
nomiMLtoz  polynomial,  the  following  two  restricted  assumptions 
whic  '  ai:.ow  for  a  clear  and  meaningful  stability  aheok  vie  measured 


or  cc  xiatructed  lriped£ace  i.r  ami  stance  curve  .i>  appear  to  be 
uecGi;oar/J 

Circuit  contains  only  or  a  negative  reeistauoe. 

Ttie  meastJ'ed  or  geometrically  oonstructed  aberacterietiio 
oiirvea,  v.'hich  are  used  for  the  etabi  lity  c.ieckj  refer  to 
those  circuit  terminals,  between  which  the  negative  resistan^ 
ce  has  been  inserted,  (thersfere  no  longer  Ir.  an  arbitrary 
network  l<ranch) , 

In  this  aamier  it  is  guaranteed  tnat  the  denomiracor  polynomial 
of  the  test-fun otion  can  never  have  Eigen  values  in  the 
right  side  cf  the  p-plane,  since  the  network  which  is  short 
circuited  at  those  terminale  is  definitely  paseive. 

The  only  existing  negative  reoi stance  would  have  nc  effect  due 
to  the  short  cirouit,  and  the  ica cements  mane  fer  fig. 8  for  a 
stabhe  circuit  in  respect  to  the  rotation  angle  of  the  (Yj^-O)- 
vector  or  the  given  values  pertaining  to  an  unetable  circuit  for 
fig. 9  are  A^ilid.  The  associated  requirement,  that  the  teat 
function  must  pertain  to  a  branch  of  the  network  lin  contrast 
to  a  terminal  pair  which  would  exist  due  to  a  Jvnotion  separation’ 
is  without  doubt  fulfilled  b>  the  above  requirement  TTo.2  and 
retained  herein. 

One  oac  inmmiarlze  in  the  followlr>g  manner: 

One  oocoiders  that  a  vector  exists  between  the  origiu  to  the 
locus  of  the  Y^(w  )  function  (either  measured  velues  or  geome- 
trloBl  construction  for  the  only  network  terminals^ which  contain 
the  negative  resietanoe,)  then  the  oircuit  is  then  stable,  when 
this  veotcr  does  undergo  a  oaockwiae  rotation;  thus  the  rotation 
angle  fi  either  has  the  value  0  or  -t-TT  . 

(For  the  sake  of  clarity,  these  investigations  were  carried 
tlu'oug^  only  for  branoh-conduotanoe  values.  The  sane  test  crltS' 
rivauB  are  also  valid  for  a  branclx  bisection  impedance  (impedance 
between  rfas  two  resulting  termixals  obtained  by  opening  a  net¬ 
work  branch;:  thus  the  branch  contalnlrg  the  nef,aT.T’.-e  resistance 
must  opened  and  the  Impedance  at  the  two  rasidtlng  new  termira;. 
must  be  measured.  Due  to  the  desire  of  obtaining:  practical  and 
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and  convenient  measurement  techniques,  this  test  function  is 
somewhat  unslutahle.  When  branch- impedances  are  used 

then  the  sl^n  of  the  given  angle  value  changes  .  ^ 


Before  the  practical  slgnifaoanoe  of  the  limiting  aeeumptione 
is  to  be  discussed,  the  above  mentioned  stability  oriterium 
should  be  transformed  to  a  suitable  form^  Since  the  characteristic 
curves  which  are  to  be  evaluated,  exist  in  an  unusaliy  large 
l^equenoy  range,  they  can  continuously  lie  further  a«my  from  the 
point  of  matching  (operating  frequency)  by  epirallng  about  this 
wtohing  point  with  varying  radius.  Therefore  the  presentation 
of  curves  in  the  Smith  diagram  should  be  set  in  preference  to 
the  previuos  preswatations  in  the  cartesian  coordinate  system. 
Howsver  a  portion  of  the  is^edancs  and  conductance  characteristic 
curvss  for  e  circuit  containing  a  negative  resistance,  pass 
through  the  negative  portion  of  the  plane;  the  abcvs  inferred 
advantage  (la  the  unity  circle)  of  using  the  Smith  Chart  also 
has  the  large  dlsvantage  that  the  negative  plane  outside 

of  the  unity  circle  in  the  negative  plane  for  the  naira  tranefor- 

nmtion  (Y^^,  *  y  y- ■  and  extends  to  infinity. 

0  ' 

This  difficulty  can  be  bypassed  by  transforming  the  test-func¬ 
tion  Y^  and  the  teat  point  (oi’igin).  If  one  considers  the  fact 
that  the  conductance  at  the  terminals  of  the  negative  resistance 
always  has  the  form  Y^j  «  Y  -  ,  then  the  following  variation 

of  the  test  vector  is  possible: 


(V  O)  -  (I  -  -  l>)  -  (Y  -  )  eeo  Fig  1< 


This  jteaaR  that  a  new  oonduotance  fanotion  Y  exists,  which  re™ 
places  the  previously  used  test  function  Y^,  or  the  vector  which 
was  tlrawa  between  tne  origin  and  the  locus  of  Yjj(  U)  ),  la  replaced 
by  the  new  test  vectdr,  now  considered  to  lie  between  the  poVsit 
to  the  'locus  of  Y{  a)  )  (flg.  io)- 

The  new  tent  function  "Y”  i«  that  ooi-ductance,  which  remains 
at  the  rarpficti^e  teriiinals,  when  th;  negative  resistance  Is 
removed  .  'I'herefore  a  pure  paeeive  conductance  function  remains 
and  the  aoi'respondlng  characteristic  curve  can  never  exist  in  the 
negative  he  If  plane. 

Therefore  not  only  is  the  practical  use  of  the  Smith  (]!hart 
asstired,  bi.t  addlticaal  pnoticel  advantages  are  oltalued: 

The  self  excitation  of  a  circuit  is  now  no  longer  of  a  disturbing 
nature  whei.  experimental  Inveatlgationa  in  the  form  of  measure¬ 
ments  are  undertaken,  since  the  circuit  can  only  fcheii  become 
unstable  when  the  ne,^',tive  realetarce  is  connected .  If  the 
netwoi’k  oertaias  othsi'  cogivive  resiskiances,  then  i)i(}  ul.ove 
orlterlum  can  be  applied,  (if  even  the  first  of  the  preset  re* 
q  uirwaente  is  violated)  if  the  raeasured  cbaracteriatic  curve 
of  the  test  function  verifies  the  oonditlon,  that  the  network 
is  passive. 

fhoracterifi  exurvea  of  paeelve  circuits  correspond  in  one 
respect  to  •*^he  matching  coneJierationa  of  known  gec>metric  cur¬ 
vatures,  (thus  an  actxial  measurement  is  superfluous  in  many 
oases]  ar..d  correspond  in  tlie  ether  respect  to  the  firm  limi¬ 
tations  of  their  curvature  concerning  the  rotation  sense  of  a 
vector  which  is  pictm-ed  as  extending  to  auoh  ohaaraot eristic 
ourve*, 

■Yow  in  consideration  of  the  previously  mentioned  condition 
that  a  stable  network  is  rernarked  by  the  fact,  that  the  vector, 
vhich  is  coasldered  as  being  drawn  from  the  point  to  the 
points  on  toe  curve  Y(  «o  ),  ray  not  posses  a  olockwfse  rotation 
eSnse,  and  m  th.e  other  hanl.  H.Volter  [4j  has  proven,  that 

counj^ 

such  a  x'ect^r  ray  »ot  posses  a  ''clockwise  rotation  sense  if  the 


network  i»  passive,  it  can  readily  be  oonoluded,  that  fee  point 
laay  not  ba  enoompassed  by  the  test  curve  if  the  circuit  is  to 
bl  stable. 

Now  the  liapedance  function  oan  once  again  be  introduced  as  the 
oquivaleni  test  funotiont  if  the  point  ^  in  the  conductanoe 
plane  is  not  encompassed  by  the  characteristic  curve  "y(  0)  )", 
then  the  poiit  is  also  not  encompassed  by  the  characteristic 
curve  3(  O)  )  in  the  Impedance  plane,  elnce  in  the  case  of  re- 
tdprooal  trs.  asf ormation  the  correlation  of  points  and  regions 
remains  the  same.  ?ig.11  shows  the  curves  in  the  impsdanoe  and 
admittance  planes  for  some  examples  of  stable  and  wiatable 
•sir  cults. 

How  ths  stability  criterium  can  stated  in  Ite  final  form: 

"-f  ti  negative  resistance  is  'O  be  inserted  in¬ 
to  a  passive  network  and  stabiiilty  ie  to  be  guaran¬ 
teed,  then  the  charactei-istio  curve  for  the  Imrait- 
tanoe  at  the  foreseen  terminals  for  tunnel  diode 
inse:rtion  must  not  anoompasa  the  point  ^  in  the 
C'-'nductanoe  plane  or  the  point  in  the*^imp©danoe 
plana . " 


fig* 11  Stability  test  by  iopedanoe  and  adalttons  otuvee.  The  richt 
axaaplee  are  etabel,  the  left  ones  are  instabel. 
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mMmaaioKJii  ^9  Llaltatlon  A»gugptlj8s» 

It  ahould  b(  r«mlad«d  that  th«  reliability  and  clarity  of  the 
I'iHiviottaly  awntitmad  alaq^la  atability  orltarlum  of  the  aeaaco'ed 
cr  gaoaatrirally  oonatruoted  oharaoterietio  ourvea  was  aoooa> 
]>ltalied  prlrarlly  by  oaklng  Idle  two  following  liqiiortan^  liu  • 
lationat 

Tho  elveiit  oontalaa  only  one. negative  reaietanee,,  (^. waver 
moM  neg.ree.nay  be  eoatained  in  the  oirauit^  if  thaae  addl» 
tlr^nal  one#  are  direotly  paralleled  by  a  larger  poaltive 
uoaduetatuMf  thla,  condition  hardly  aeema  to  be  of  teohniaal 
Intaraat) 

The  aaatmred  or  geometrloally  oonetrubtad  oharaotoriatlo 
ourvea  which  are  uaed  for  the  atability  oonslderation,  anat 
apply  to  ‘Utiose  terainala  of  the  network,  between  which  Idia 
nag.raa.ia  to  be  inaerted. 

£a  aaoordanoa  with  tha  praotloal  application  deaired.  either 
ua  a  t»c  pole  an^lifiar  or  aa  the  case  max  be,  for  obtaining 
epeoial  ln3)edanoe  fUnotione,  theae  req^uiremente  my  become 
liffieult  a;»l  eoaatiaae  ixqpoaaible  to  fulfill.  In  the  following 
theaa  imeetigationa  will  be  oonduoted  for  the  amplication  ha> 
iiaviour  of  tha  nag.raa.Twlnoe  thia  ia  a  ooovletely  iiaoribebal 
iipplioatian  gMl. 

Cn  raapact  to  a  two  pole  amplifier  tha  firat  previouBly  men^* 
feionad  raqtitraaaat  doaa  not  preaent  a  limitation  ainee  aa  arbi* 
^ra  ry  high  aapli^tioa  may  be  a^leved  la  one  atage.  Slaee  tha 
prcaett  atate  of  the  art  of  four  pole  anplifiera  for  frequan- 
biea  belt  w  tha  miorowava  range  are  at  leaat  equivalent  in  per- 
formnoc  ind  lean  oritioal  aa  far  aa  atability  ia  ooneamad,  ia 
ceepaot  uo  twmel  diode  ai^llcetion  a  low-aoiaa  lU'e-amplifier 
fwr  miorowavaa  ia.  to  be  ooaeidereC  here.  A  wrreapondiag  two 
pole  preempl^lfier  eaa  without  doubt  be  uaed  to  aidiieva  •  atmhla 
cperatinq  aiplifiaatiia  of  2o  dB.  In  addition  it  ahould  ba  no- 
t»d  that  tha  aoiaa  flgura  of  the  direotly  ooaiMoted  oottvmtial 
aiorowmve  reoflwar  (o^nneoted  directly  btiilad  the  f.B.prmiqp) 
beomi.ea  .t.agllfible  eu  ooapared  to  tha  aoiae  figure  of  the  7.P.. 
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IlM  UM  Of  ooxe  tlian  on*  f.S.  is  not  nocoioaxy  in  tMo  oeio. 

If  in  addltioa  tlia  "Osin  Bandnidth  ftoduot*  I0  to  be  Inozoaaod 
ait  •exit*  coimootton  of  aovoxal  «tag«a(lunrtrM!  diaplaoed  tank 
cixoait  fxaqulaa)  than  thaaa  ataitaa  nnat  dafinitaly  ha  one*^ay 
huffexad  from  aaoh  adjoining  ataga  by  ualng  a  non'rreolpxooal 
four  pola  (uniline,  Gyratoz),  If  thla  wara  not  done,  the  end  re- 
avlt  would  ba  a  aultipla  parallal  oonnaotlon  of  tank  oiroulta 
and  T.B.a  whloh  behavaa  in  the  aaoe  manner  aa  a  aingle  tank 
oizeult.  She  non-zeolpreeal  four  polea  breaks  the  olrcuit  down 
Into  aataral  oooponant  networks  without  raversa  Inpadnnoa  be- 
lunrioar,  Eaoh  ooapoaant  network,  whloh  thus  only  aontains  one 
f,S,,  fulfille  the  ahowe  mentioned  raqulreoenta,  and  oan  there- 
fora  ba  oleaxly  invaatlgated . 

fha  deaiira  for  inserting  savazal  T.B.a  Into  a  olroult  is  than 
always  daalrable,  whan  awallabla  power  of  a  single  elanant 
(ap^oz.  10  f or  Oa-IBa)  resulting  firoa  the  minute  voltage 

regulation  region,  la  inaufflolent.  (For  an  osoillator  appU- 
oation  this  is  obvious*  It  should  be  shortly  mentioned  here/ 
that  also  for  this  applioation,  which  refers  to  an  intentially 
unstable  network,  a  stability  is  definitely  worthwhile,  sinoe 
an  undesirable  sharp  shift  or  change  of  frequency  oust  be 
ST  oided • ) 

The  direot  parallel  oonneotion  of  aeveral  T.B.a,  which  fulfill 
the  cbove  limitations,  however  ia  without  praotloal  signifi- 
oanoe,  since  T.B.s  having  an  arbitrary  low  reaistance  oan  be 
produt '4.  However  the  possibility  of  obtaining  stability  becomes 
'  continuously  Gunre  oritioal  aa  the  xssistanoa  of  the  ID  is  do¬ 
or  eased.  In  this  aenae  a  aeziea  oonneotion  of  low-reaistanee 
T.D.e  spears  to  be  auitabloi  It  seeoa,  that  a  negative  re¬ 
al  stance  is  tten  obtained,  which  has  a  factor  n  (n  «  number 
of  T  i),a)  larger  volta^  regulation  range.  However  this  arrange¬ 
ment  of  real  nagativa  reelatanoee  ie  not  poeaible  in  ]^inoipla 
wish  T.S.a,  sinoe  a  zalativaly  oomplioated  ne^ozk  exieta  all- 
rendy  when  tunnel  diodes  ere  oonnooted'  in  serlea  due  to  the 
In-ernsl  reaotive  ooaponents  of  the  T.B.  and  a  single  negative 
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can  ncvtx  otrlaUMid  in  tliis  aannax.  Smh  Mxias 
olxoul'in  axe  teniaally  imatetile  (e’ven  nlinn  tko  aotiut}.  network 
conaiata  of  a  aiiq^la  oos^aaat  fo«  ejmaiilot  laxgaat  poaaitla. 
ohaio  oonductaaoa)  If  ona  axpaota  that  a  auitabla  hiaa  aoltaga 
dlatxlbtttion  axlata  aooae  the  individual  eXeMeats.  In  the  oaee 
of  individual  bias  voltaco  aappliea»  a  Mxiea  oonneotion  ia 
baaioalljr  pcraalble  and  ean  be  tested  in  pxinoiple  by  the  above 
eentioned  oxitexiun. 

In  oonoluaion  it  oan  be  noted  that  the  T.D.  pxaotioally  doee 
not  fall  undex  any  liaitatlona  for  a  ainele  active  element  when 
ODttBidexed  for  the  a^^datlon  as  a  low-noise  small  signal  am¬ 
plifier  fox  niorowaves  (this  ia  the  most  important  field  of 
application  fox  the  I.D.). 

An  objection  to  the  second  xequixement  (which  pertains  to  che¬ 
cking  the  ohaxaotexistio  curve  at  the  terminals  of  the  negative 
resistcaoe)  can  readily  be  made  since  these  terminals  are  not 
accessible  aiaee  ^y  are  located  approximately  10  to  100  X 
apart  from  oManother  within  the  semi-conductor  crystal.  rOiereas 
the  reactive  components  of  the  T.B.  may  be  neglected  for  circuit 
oonsldexatione  below  100  Mo.  these  internal  reactive  components 
such  ae  the  parasitic  socket  and  lead  reactance  may  not  be 
neglected  for  the  stability  consideration.  Xhese  paxaaitib  ele¬ 
ments  as  dipioted  in  fig.  12  have  been  reduoed  to  extremely  small 
values  via  technology |  however  the  meaeurement  of  the  sanra  oan 
be  aoooapllshed  with  sufficient  accuracy  by  ueing  the  methodi 
which  waa  eepeolally  developed  for  thio  i^poee. 

The:  afore  the  oharaoterlstlo  curve  measuied  at  the  lo¬ 

cation  of  planned  T.P.  insertion,  oan  be  traneformed  to  the 
suitable  test  eurve  T(<e)  by  means  of  a  four  pole  transformation, 
set  Fig. 


admittaaso  of  iha  actual  iwtewefc 
into  the  MitaUs  teat  fuakUem  T. 
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Sttoh  •  tfMtfMrMtloa  hw  kMin  aoM^pUalMd  ta  Mg*  f4| 
oiiN^t  !•  tteU*. 


i'ox  pxaotloal  applioations  this  aethcd  has  the  feUeeiag  d2e« 
advantageai  It  haa  already  been  aiq^lalBad  that  t^  pnrpoaa  i# 
the  atablllty  teat  la  not  only  that  o.^  dataralnlng  ahathes 
ohazaotatlatlo  ouvee  la  attitabla*  but  rather  thla  teat  iriHiold 
alao  enable  the  datezalnatioa  ot  aaitabla  arsMgaMnta  lihlch 
aid  In  obftaiiiiag  a  aaltabla  ehaafo  la  tha  o«nra«  tkt  xeaotiea 
coaponenta  of.tha  aqulealaat  t.9.  eixeait  of  fig*  12  OHl  1? 
oannot  be  eoa^iobaly  fxooly  choaoa»  ataaa  t^  om  only  to 
aohietad  ty  aoxtiag  oat  tha  9«9*a  aoototiiM^  to  the  dealzed 
poxaaetera*  Boaoew  tha  ^Mtaotasletto  oorta  of  i^ry  faa  oit* 
eolto  nranafotaad  hy  tha  agniTalaat  iMwtiva  eirouit  of  the  f  .f . 
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In  scih  ft  vftj,  ftft  to  jrlold  at  stiitfiblft  obaaeft  of  th«  ohax  actor  ie- 
tio  ciarto.  Slw  ohftafio  oftiat  bo  ftooonpllftluid  in  the  pasaivo  Hot- 
work  Itoolf.  ITowotor  duo  to  tho  four  poko  tronaformation  oirouit 
oslatine  botwoen  tho  noeatlvo  zoalatanoe  and  tho  paaaive  network* 
it  la  Bot  dlrootky  pdaallBiXo  to  dotozBlno  tho  deaixahlo  Y^-ouziro 
ia  zoftpoot  to  a  atablllty  oonaidoratlon  by  obaervinn  the  Y-ouzvo* 

Shoroforo  there  rooftlBa  tho  doolro  to  be  able  to  make  a  atabi- 
lity  ooBftldorfttioB  dlrootly  ftt  tho  tozoln/Bila  of  tho  aotual  oir- 
•i^t*  Kr  aoutft  of  ft  ftaitftblo  chan^  of  tho  tftftt  ozitozi«a 
doftlro  oftii  bo  tftkoB  Into  aooount. 

Until  BOV  tho  atabllity  ohook  roatod  upon  dotorminatlon  and  tho 
evaluation  of  the  rolatlonahip  between  tho  ohax actor latio  ourvo 
and  the  teat  point.  If  It  ia  doalrOd  to  tranafor  the  oheokin^ 
rolationahip  froa  tho  roal  teat  point  ^  or  to  the  frequency 
dependent  input  iapodanoo  Zq(<o)  of  the  £.!)•*  then  the  new  oor- 
roftpMidiail  tost  aothod  oonaiata  ofi  thoronnhly  invest ioating  tho 
rolfttionfthip  between  tho  input  iapodanoo  Z.  of  the  oirouit  and 
tha  oharaoteziatio  Irapodanoo  ourvo  of  tho  TD  in  order  to  dtorwino* 
vhether  aatusl  eunvo  ahopoo  end  iatoreeotiea  poiato  esiat. 

in  thia  zoapoot  a  oharaotoriatlo  iapodanoo  ouzve  (will  called  a 
boundary  ouzva  in  the  following)  ozlats  via  ioaging  the  impodanoe 
(ox  oonduotanoo)  curve  of  tho  T.P.  in  Pig.  15.  Ihla  boundary 
curve  ie  the  loous  of  all  Inpodanoea  whioh  tzanaform  into  tho 
point  for  tho  zoepootlvo  fzoquwnoy  pazanotox.  Tho  iapodanoo 
curvoo  Z^(W  )  of  tho  oirouit  to  bo  tooted,  nay  not  inter aoot 
the  bound  izy  in  thia  baekwazd-diagraa  for  tho  aaae  frequenoy 
pazanotor,’  but  aay  poaaaa  an  azbitzary  ahnpo  aa  a  function  of 
froquoney  btloa  tho  boundary  ouzve.  How  in  zoapoot  to  the  ozi- 
toriiui  ozrfcoMd  ot  tho  oni  of  tha  inraooding  aootion,  a  oirouit 
ia  not  only  than  unatabla  when  tha  teat  ouzva  intezaeota  tho 
teat  point  (tiiia  would  ba  tha  apaoifie  boundazy  oaao  between 
Btability  and  inatability)  but  aoxe  ganazally  oxpzoaaedi  tha 
oirouit  ia  twatabla  whan  tha  teat  ouzva  anooupaaaoa  the  teat 
point.  A  naoeaaazy  for  an  onooapaiaaont  (enoizoling)  ia  that 
tha  ohazaotariatio  ouzva  intazaoota  tho  real  exio.  In  tho  baok- 
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«azd>diagram  the  last  xequizeiaent  expressed  is  that  the  oharac> 
tezistlo  curve  to  he  tested  aay  not  intersect  any  paiaueter 
curve  (brok'‘n  curves  in  Pig.  16)  at  a  autual  frequency  paraneter. 
'..'his  ia  required  since  all  points  on  each  curve  is  transformed 
into  the  real  axis  at  the  respective  frequency  via  the  trans¬ 
formation  four  pole  (see  Pig,  13). 


Backvard-diagrafflm  of  a  T'O, 


h'hus  the  stability  criterion  in  the  baol-K»ard  diagram  is  the 

follonlng: 

r?he  circuit  is  stable  when: 

'i,  the  ohar>’Cteii8tic  curve  to  be  tested  Z-(ci)  )  (or  y„(eJ)) 
must  reof^in  completely  belov/  the  boundary  curve  or 
the  chsiructerlstio  curve  to  be  tested  maj^  intersect  or  bound 
the  boundary  curve,  but  only  under  the  oonoition,  that  no 
common  point  exists  for  the  same  frequency. 

:jlg.  17  a  shoes  an  example;  at  a  mutual  frequency  of  1.8  Oc 
sM  intezseotlng  point  exists  and  the  circuit  is  unstable.  In 
Pig.  17b  the  ohazaotezlstic  curve  has  been  changed  in  such  a 
Manner,  that  no  frequency  value  common  to  the  oharacteristlo 
curve  and  family  of  parametric  curves  exists  outside  of  the 
boundary  curve , 
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H»  Statlllgatlon  of  Tunnel  Diode  Circuits. 

Since  an  unetalile  cizouit  does  not  peiforo  the  ori^^inally  design 
functlcn  (in  this  case  the  T.P.  appears  to  have  considerably 
taighez  negative  resistance)  the  recognition  of  the  stability 
oonslderations  nmst  be  accepted  as  fundamental  designing  prin¬ 
ciples  of  a  ’’etwork  nith  negative  resistances. 

from  the  fao>t  that  the  characteristic  curves  foi  the  frequency 
•'*>  R  0  always  begins  at  the  real  axis,  and  must  also  end  on  the 
Zictl  axis  foc  the  frequency  eos  o  and  in  addition,  since  the 
ajrve'i  consiiered  here  can  only  follow  a  clockwise  cuivatixre, 
aid  finally  from  the  knowledge  of  the  reactance  (barrier  oa- 
pioitance)  directly  adjacent  to  the  negative  resistance,  an 
advan^tageoas  insight  as  to  which  circuits  are  stable  in  prin- 
dipa.  .?T!c  which  are  principally  unstable  is  achieved. 

( Cn  :he  fci.  jwing  the  use  of  the  bacliwaxd  diagram  will  be 
avoided,  sirve  it  is  suitable  for  concrete  investigations,  but 
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:.B  less  sa; table  for  dlBOusaiiiQ  pxinolpal  phemoaena.  The  cha- 
:aoter:letLc  curves  will  onoe  again  be  diecuesed  in  reapeot  to 
rhe  teat  point  R^j). 

Rlxat  the  at  called  “DC-current  stability"  vjill  bo  o'oaerved, 

I'oz  example:  this  axieea  from  the  known  requirement  chat  the 
input  imp'icanoe  of  the  bias  supply  (Z  for  at  b  0)  must  be  smaller 
‘:han  the  magnituc^le  of  the  negnative  resistance;  Fig.  18  shows 
the  oha''.”OteriBtic  curve.  Two  of  its  characteristics  are  com¬ 
pletely  euffioient  for  the  stability  consideration:  it  begins 
i.t  R^>  Rjj  for  OJ  ■  0  and  ends  at  the  point  Z  »  0  due  to  the 
harrier  oapacity.  These  two  end  points  of  the,  (in  all  cases) 
closed  oharaoteriatio  curves,  lead  without  deviation  towards 
la  snolrolir.g  of  the  poiht  11^^,  independent  of  any  additional 
circuit  o.iaraotezletics,  whioh  means,  independent  of  how  many 
and  how  large  the  charac.^eri8tic  curve  loops  may  be  for  tfie 
finite  frjquencies.  The  circuits  is  unotable  for 


/s  an  additional  example  of  a  baeioally  unstable  circuit,  the 
wide  bond  mstohing  principal  via  loop  formation  about  the  mat- 
cling  point  of  the  impedance  curve  as  used  in  hlgn  frequency 
clreuits  will  be  given:  If  a  network  (for  instance  sj  antenna) 
is  to  b>e  matched  to  the  real  imput  impedance  of  the  generator 

a 

ever  large  frequency  range,  then  the  charaohteristio  curve  of 
the  imput  iayedanoe  must  remain  in  the  immediate  vic!?iity  of 
Bitohl.iig  '  for  each  frequency  in  the  desired  bando 

In  pr^cti-iS  this  is  accomplished  via  matching  and  cc'r.pensation 
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oixouits  and  gives  the  character ietio  curve  of  Pip,.  19  a  charao~ 
terlstlo  lopping  behaviour. 

In  the  same  manner  the  desired  effect  of  the  negative  reeistance 
in  a  passive  network  (deattenuation,  amplifioation  etc)  la 
aleetye  expressed  through  the  magnitude  of  the  numerioal  rela¬ 
tionship  between  the  negative  resistance  and  the  magnitude  of 
the  respective  parallel  Impedance  insertion,  thus  through 
|Z|  -  Rq. 

If  this  effect  is  to  remain  wide  band  in  nature,  then  analogous 
to  the  above  mentioned  matching  phenomena,  the  value  /Zf  or  the 
f  characteristic  curve  for  Z(« )  must  remain  in  the  immediate 

vicinity  of  R^  throughout  the  largest  possible  freouency  range, 

(The  expression  "matching'*  is  not  exact  as  used  here.  In  one 
respect  the  ideal  situation  does  not  ^t  all  exist  when  Z  »  R^, 
and  on  the  other,  a  negnatlve  resistance  can  never  be  matched 
to  a  positive  resiatancs  as  far  power  transmission  lo  concerned.) 

I  The  stability  theory  forbids  the  loopping  principal  as  depicted 

in  Pig, I  19»  since  the  forced  clockwise  curving  loops  would 
encirc.e  the  test  point.  The  characteristic  curve  in  Pig.  20 
doea  not  contradict  the  stability  requirement. 

These  pure  Qualitative  observations  already  allow  for  recogni¬ 
sing  the  ciicumstanoe,  that  the  desirable  effect,  realized  by 
the  negative  xesiatanoe,  can  only  be  achieved  in  a  narrow  band 
legion.  It  can  also  be  concluded,  that  a  complicated  circuit, 
which  tends  to  develop  esveral  loops,  has- little  chance  of 
giving  A  stable  network  when  combined  with  a  negative  re li stance, 

Ixpexlence,  resulting  irom  practical  investigations  of  T,!), 
olxoults,  has  shown,  that  also  those  olroulte  which  should  be 
stable  when  analyzed  according  the  stability  checking  procedures 
mentioned,  actually  were  at  first  not  stable  when  the  corres¬ 
ponding  circuit  was  built  in  practice.  Chaiaoteriutic  curve  mea¬ 
surement  or  determination  of  the  frequency  of  oscillation  have 
■hown^  t!iat  this  instability  existed  considerably  outside  the 
operating  frequency  and  did  not  seem  to  be  related  to  the  regular 
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priaoipl** 


oirottlt* 


b«h«vloux  of  tlM  iBMXtod  oixouit  ooaponoBts  nor  oould  it  be  re- 
aoeed  by  ohanging  tbaae  oonpoaeats*  Sbie  aituatloa  Is  also  ea- 
oottBtezed  in  the  alapleat  olxoultai  It  la  due  to  the  xeaotaaoe 
behavlottx  of  the  paxaaitle  eleiaente  ehioh  axe  at  fixat  unkaoea 
fox  a  paxtioulaz  oixouit  deeiga  and  therefore  oouXd  not  be  oon- 
aidezed  fox  the  atabillty  teat* 

If  the  unixezaal  applioation  of  the  T»V.  oonaidexa  the  unuaual 
wide  band  behavlouz  of  the  negative  zealatanoe  aa  a  general  ad¬ 
vantage,  then  the  dlaadvantage,  that  thle  vide  band  behaviour 
foroea  a  atabillty  oheok  fox  thoee  frequency  xeglona  in  which 
the  oixouit  la  unknown  and  unlntexeating,  ia  quite  evident.  In 
praotloe  li  la  hardly  probable  that  a  oixouit,  which  haa  xeadily 
been  adjuated  fox  the  operating  frequency  range  varying  all 
Lnooxporated  ooaponenta,  auffioea  the  require- 

oMnta  in  xeapeot  to  the  iopedanoe  curve  alao  fox  the  unliaited 
xegion  oateida  of  thia  range. 

aoweve*  it  la  poaaible  to  influence  the  ohazaoteristio  euxve 
via  a  freely  ohoaen  auppleoentazy  oixouit,  in  auoh  a  aanner,  that 
the  etability  of  the  network  alone  ia  valid  within  the  operating 
frequeuf^  range,  wbezeaa  outaide  the  operating  x«^e  the  aupple- 
laantaxy  network  (two  pole  etabiliaer)  apeoifiee  the  atability 
iMthavlour. 


34 


flM  fUBOtlon  of  tho  auppIosMotaxy  network  mey  also  Ise  included 
with  the  fiD,  ohorooteziotioa  (thie  network  muet  be  ineortad  in 
tho  iMedlate  wlolaltgr  of  the  f.D.»  for  exaaple  at  the  T.B.  ‘ 
•ookot)  and  the  olrouit  oontaine  a  new  naf;ative  xeaiatance/ which 
only  exlata  within  the  operating  freiiuenoy  range  |  outside  this 
range  the  neg*zee«  is  ooapeneated  by  a  large  zeal  oonduotanoa. 

Pig.  21  shone  a  eiaple  exaaple  in  this  respeoti  a  tank  olrouit 
of  Pig.  21a, is  to  be  deattenuated  by  a  partial  coupled  f.]}.. 

In  principal  it  is  unavoidable*  that  the  equivalent  olrouit  of 
of  this  partial  ooupling  (Pig.  21b)  introduoeo  a  stray  induotanoe 
"L^**  and  thereby  oauaes  the  oharaoterletio  ourve  pertaining 
to  the  terminals  phere  the  7.Z>*  is  to  be  inserted*  oontaina  an 
additional  enoizdeasnt  above  the  operating  frequency  range  (3  no) 
whioh  oannot  be  influenoed  by  a  ohMige  of  the  tank  olrouit 
leaiingt  the  olrouit  is  unstable  (at  approx.  150  mo). 


ation  ef  a  teak  by  a  M. 


Kow  the  task  of  the  two^^lOHitabilisez  is  to  remove  this 
additional  enoireiWat  without  disturbing  the  oharaoteristio  curve 
within  the  operating  frequency  range,  fhe  siopleet  solution  le 
obtained  by  using  a  BO-nstwork  (wi^  the  soallest  possible  indue- 
tanoe)  which  is  oonneoted  directly  parallel  to  the  negativ  reals-  \ 
tanoe  (Pig.  22a) i  the  altered  oharaoteristio  ourve  of  Pig.  22b 
results  «9d  the  olrouit  is  now  stable. 

In  other  oases*  in  whioh  the  uirfeairable  enolr clement  ocaura  at 
a  considerably  soaller  frequent  dewlatlon  fron  the  operating 
freqnenoy  range*  an  narrow  band  two-pole-stabillaer  is  used 
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Infl— otag  the  laptAaiM*  ttvam 

of  «a  ^rlginolljr  laotablo  olroult  I 

by  •  '*awe-polo»ot«billsar'' • 

ftg.  23b  and  o).  Tha  ooouwn  f«atia*  of  all  thaaa  axaoplea  ia  tha 
peaitlvo  uttanuatlnff  xaolBtaaaa#  Sha  pxaotioal  design  pzoee> 
tfttzaa  ara  to  be  takan  fboa  tha  ohazooteziatio  ouzve  behaviouz 
la  tiM  baohnard  diaitraa. 

h  i 


nL«.25a  v  llg.23b 

foz  aiezowaxe  applloationa  the  two-pola-atnbiliaez  need  not  be 
Inaexted  dizeotly  at  tha  t«S.talnoe  tha  iapadanoa  behaviour  along 
a  tzanealBelon  line  ia  of  a  pazlodioal  ooouzanoe  (for  axaaplo 
raaonatoz  or  antenna). 

Km  pzlaazy  advantage  of  thia  auppleoantazy  netwozk  la*  that 
tha  atabllity  oheok  via  ohazaotaziatio  ouzvea  need  then  only  be 
dazzled  foz  the  opazatlng.frequenoy  region  where  the  iapedanoe 
babavloiir  le  uaually  known. 


fbt  antthna  iriHloli  «•  h«T«  IniraatlKatad  was  <»toaaa  to  luito  a 
-vtzy  slc^It  foza  la  ozdex  iaauza  tltat  tlM  pjraiiaiazy  iavoetl^ 
l^tloa  ia  aa  aimpla  aa  poaaitle  thiai  yialdlUg  zaliablo  zaaulta. 
Aooozdlni;  to  rifi.  24  tl^  aatanaa  1  ^  a  uaipola  la  whieh  oae 
aaztloal  aonduotoz  la  ooaaaetad  to  the  oondttotlas  fpiasmi  pllma 
aiM  the  othez  zeztloal  oonduetoz  la  eonaeeted  to  the  ooMlelal 
Input,  fhe  Tunnel  Diode  ia  laoatad  at  the  ||t4|^at  i^oaatzlaal 
paint  of  the  zadlatort  hetnaan  tha  tna  aoniaiatoza.  the  hlaa 
aaltace  :la  fed  to  tuinal  diode  ain  Iwa  Doxpdodloulaz 
aondnotoza. 


fha  Aoet  Icpoztant  requixament  ahloh  la  to  ha  oat  on  the  aye** 
tM  le  that  the  tunnel  diode  la  not  In*  a  atate  of  aelf  MEOita* 
tier.  Due  to  the  unaaoldahle  xaactlae  oonponenta  of  an  Hstennat 
the  d  utfex  fo  aelf  exoltatloa  la  eapaolally  fizoat.lf  tl»  duiawl 
diodea  axe  ooahlned  with  antennae,*  Tao  poaltlae  zeaistaneea 
Qfti  he  oonnaetad  la  pazallal  to  the  T*D*  (aaa  9ig<>  25^  tiiaw 
allc'  .ne  fox  aa  adjuntownt  of  the  zeaultlnd  negative  xeniatanoa 
Ala  uzz  uif,eMttt  ia  not  only  daalzahla  fez  the.  aeaeuzeaient  of 
tlM  antoiMMi  fotdin*  point  itspodindea*  hut  ia  al»«  of  t^ 
atahiUaiafi  nszancaiMiat  nhicdi  ia  tzlad'  hoxa*  Aa  adi^tate  of 
thin  azioiiiaMKt  fox  adjoatiag  the  nagativa  xaaletanoe  la  that 
the  ojezataag  point  zeoalna  within  the  liaaaz  zeglon  of  the 
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^ka(*ot«rl«tio  f.S.  ourv«,  in  ndditlon  m  ndjustabln  paxallnl 
•ttMlttaot  «M  ttand  nine*  aany  oa«««  of  self  osoillation  oould 
bo  «vol4o4  !qr  ouitAblo  odjuotmont  of  tho  oapaolt«ioe« 


Boxing  tho  MaouxooMnto  tho  AO-voltoga  at  tho  loB.  ouot  bo 
Mooisrof  oontlniiouoljr  fox  oontxol.  Thoxofoxo  a  diodo  (fox  dotoe- 
tlon  of  AO)  io  oloo  oonnootod  in  paxallol  to  the  T*]).t  whioh 
ollooo  fox  noaauxooent  sonsitivity  of  5 ’(10)*^  volta.  Sho  indi* 
oation  obtained  fxoa  thio  diode  axxangement  allows  foxohooklng 
tho  olxouit  otabilityi  in  oaso  of  instability*  tho  xosistanoe 
and  oapaoitanoo  of  tho  stabilising  notwoxk  oan  be  Taxied  until 
stability  is  obtained.  9he  condition  of  self  excitation  oan 
easily  bo  obsexTod  in  that  eoxxespondlng  voltage  anplitude  of 
0.1  volts  ox  ooxs  is  aeasuxod  at  tho  toot  diode.  Xhas  alxoady 
a  slight  tondonoy  towaxdo  a  self  oxoltation  oan  easily  be  ob- 
soxvod.  In  addition  this  axxangeiaont  enables  the  supervision 
of  tho  AO  voltage  which  exists  at  the  T.B.  due  to  the  iapedonoe 
•easitfsoent  (AO  voltage  is  fed  to  the  antenna  fox  this  neasuie* 
Mat)i. 

Shis  voltage  shottld  not  be  auoh  laxgez  than  0.02  volts  between 
the  too  texsinalo  of  the  S.B.*  sinoe  the  tunnel  diode  impedance 
ohan^s  fox  the  ease  of  laxgsx  voltages  due  to  the  nonlineaxily 
of  the  '^.Bk'*  ottxxent. 

Sines  the  "S.B.”  io  to  be  opezated  at  high  frequencies  and  sinoe 
the  S.B.  mount  should  not  radiate*  the  latter  should  be  rather 
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PMIX  In  aiiir  Mn4  sho^  bn  of  oxtinnely  low  induotuion.  Fig.  25 
nMftxttdtlon  of  thn  nount  whexnan  Fig*  abown  ttm' 
antmt  in  tbe  antenna. 


Pig .26 

Tlnr  of  til*  folding 
point. 


Ibn  f.F.  In  placed  in  tbe  oenter  threaded  hole  of  the  mount  and 
faitnnnd  via  two  sorevn,  one  located  in  each  end  of  hole.  Sue 
(.iallax  ^Xe  faatenlng  aixangeoenta  axe  located  ad 

to  f.D.  mount  fox  the  puzpoee  of  conneoted  and  B2  in  paxallel 
tc  the  f.r..  Sheae  two  xeeiataneee  deteznine  the  attenuating 
ox  IcaUiag  xealotanoe  '*R"  of  the  atabilieiog  oizouit.  ”0"  ie  a 
vaxi''ble  eapaoitw.  'H)*  ia  the  deteotion  diode  which  ie  need 
to  miitaxe  the  .iC  voltage.  . 

One  end  cf  the  diode  ie  eo  oonneoted  to  the  system  via  the  oa* 
paoltov  iShe  zaaietwiea  eexvea  ae  a  feed-  in  fox  tb» 

00  ouarzeat  of  the  deteotion  diode.  "O*  is  the  lead  wire  within 
the  astnana  eoi^uotox  through  which  the  DC  ouxxr.nt  of  the 
detect ice  diode  le  aoeeeible  fox  measuxement.  The  oomplete  Oon- 
•txdotlon  ie  eoheotioally  ^own  Fig*. 27. 


▼•rkteal  oatmaa  eoadaeter 


tMt  durrant 


dataotlon 

diode 


vortioal  I  aiitoiuut  ooaduktor 


Clrottit  dlafMMi  of  tdto  T9* 
■otnt  la  tlio  foidlRff  poiat. 


fha  iapadcaoaa  wax#  Maaozad  by  uaiag  a  aXottad  coaxial  lina. 

In  aaaoxdaaea  with  flgo  28  the  lina  ia  oonneotad  to  tha  * 
ooaxtal  adaptax*  fha  alottad  lina  ia  thus  a  paxt  of  tha  ecoplata 
T*]>.  eixouit  and  auat  ba  iaoludad  in  tha  atabillty  oonaidaxation* 
Sinoa  fox  aaigr  atabiliaation  tha  nuabax  of  xaaonant  fraquanoiaa 
of  tha  eixouit  Bust  ba  hapt  aa'aoiall  aa  poaaiblat  it  la  appxo- 
jTiata  to  taxainata  tha  input  of  tha  alottad  lina  alth  a  xaaia- 
tanoa  "R  a  (ohaxaotaxlatlo  iapadanoa  of  tha  line)  which  ia 
ftaquanoy  indapandant*  Shan  tha  antixa  lina  bahaYea  aa  a  fxa- 
quanoy  indapandant  xaaiatanoa  **2^”  at  tha  baaa  of  tha  antanna 
and  doaa  not  oontain  any  xaaonanoaa*  HowaYox  tha  atabiliaation 
of  the  eixouit  via  and  "C  oonnaotlon  at  tha  T.D.  location 
in  aoooxdanoe  with  Saetion  IIA  auat  ba  undaxt^an  whan  tha  alottad 
lina  ia  oonnaotad  to  tha  oixouit. 

fha  tast  aigaal  obtainad  fxoa  tha  taat  ganaxatox  ia  oouplad 
eat  of  tha  line  wia  a  looaaly  oouplad  eaiwoitivo  jaoba  "P^* 
w.iloh  pxajaeta  allghtly  into  tha  alot  of  tha  lina.  Iha  looaa 
eoupling  inauxaa  that  tha  atatiHaad  iapadanoa  bahavioux  ia  not 
diatu.  bad.  Ona  lag  of  tha  unipala  ia  grounded,  fha  othax  lag 
aaxvaa  (in  addition  to  ita  radiation  bahatioux)  aa  tha  lead  fox 
tha  SC  biaa  of  tha  f .S.  in  that  it  extanda  aa  tha  Innar  oon. 
dnotox  of  tM  alottad  lina  and  ia  aooaaalbla  behind  the  ^  oha 
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ttzalaatiott  (th«  outer  oonduotor  of  the  Blotted  line  is  AC 
srouBdBd  via  a  iMTce  oapaoltox  ivliio&  is  oonneoted  in  eeriea 

to  the  outer  oonduotor  at  the  disseotion  of  the  sane  in  the 
vioiaity  of  the  line  teXDination).  The  test  voltages  obtained 
at  the  erotted  line  axe  eery  siaall  due  to  the  small  voltage 
regulation  of  the  X.h..  xhe  voltoge  ouxve  along  the  slotted  line 
ia  aeaeured.  Since  the  oapaoitive  probe  is  very  loosely  ooupled 
to  the  line  the  measured  voltages  are  very  eaall  and  a  sensitive 


tstually  th-^  osasursoent  proosss  oonsists  in  determining  the 

naiiaua  voltage  and  the  ainiaua  voltage 

line 

T8VR  •  8  •  ft** 

•ala 

^3”  as  defiiial  in  this  aquation  ia  dsterained  by  using  a  suit- 
ahla  oalibratsd  voltage  divider  "TD*,  (In  the  measuring  prooess 
the  valtUgs  at  the  reorivex  output  is  Inpt  constant  by  adjusting 
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til*  Vl>}  tile  ftttenuatlon  of  VP  udiioh  has  been  adjusted  to  aoiiisTe 
this  condition,  is  then  recorded  in  es(di  run.) 

If  the  iiqimt  iTrqpedanoe  "Z  »  -  R  *  JX"  oontalne  a  negative  real 
part  H”  then  the  eirole  diagram  in  the  ooi^lex  impedance  plane 

must  be  extended  in  euoh  a  aawter  (as  shewn  in  Fig. 29)  that 
negative  real  parts  can  also  be  inoluded.  The  diagram  oireles 
in  the  left  aide  of  the  plane  are  the  'images  of  those  in  the 
rlg^t  side  of  the  plane.  The  VSTH  valuea  could  lie  on  either  the 
rlg^t  tend  (which  contains  positive  resistive  oomponenta),  or 
the  left  hand  aide  (which  oontaine  negative  resitive  o«iqe>onents) , 
since  the  measured  VdVR  does  not  give  any  indication  as  whether 
the  real  part  of  the  impedance  is  negative  or  positive.  The  sign 
of  the  real  part  can  be  determined  from  the  siae  of  of  the 

olrcolt  in  Fig. 28. 


OMXftponding  thtorjfi 


SlM.  gtnwator  in  fig*  2^  whloh  it  loosely  eoupled  to  the  line 
fe«de  tin  lattez  with  a  oozzent  "I*  nrhioh  is  independent  of.  the 
l^d  (fig.  30a).  fhe  tezaiaation  »  2^"  at  the  left  hand  side 
of  the  line  oan  be  tzaneforaed  to  the  location  of  the  ooupling 
point  <eoe  fig.  30h)  "I**  and  togethez  foza  a  ouzzent  souzoe. 
Hhe  looation  of  a  voltage  aaxlnua  along  the  line  ia  to  be  sought. 
'Jhon  tlM  surzent  souzoe  and  the  load  "2"  whioh  is  to  be  oeaeuzed 
is  tzaaifozued  to  the  looation  of  a  voltage  maximuo  as  shwn  in 
fig.  30o  (whioh  does  not  change  in  the  tzonsfozBatlon) . 


Fig.3oa 


flg.Seb 


fig*3ee 


fig.3e  I  Tzaneaieelen  line  hatriag  a  tezaiaatiea  idiieh  iaoludee  a 
positive  or  a  negative  zealperk. 

As  a  zeault  of  this  tzansfozDatlon.  "2”  tzsnsfozms  to  a  zeal 
zegistanoe  B  ■  3  fj^  when  the  zeal  part  of  *2*^  ie  positive  t  and 
tzanefozna  into  a  nagative  zeal  zaslstanoe  B*  •>  **3 -2^  nhen  the 
zeal  pait  o;?  "2"  ia  nagatlva.  Xha  ouzzent  "I*  divides  iteelf  thua 
between  the  zeaistonoe  H"  and  tha  zasiatanoa  "B’'".  In  this 
taaaner  the  r;ixlaiia  voltage*  as  doaozibed  by  the  following  equation* 
is  obtained  foz  fig.  3Qo. 


wax 


(«) 


(sir) 


OftrzcflpoRdliig  tlNidrys 

fh».  ^tMxstor  In  lie*  28,  irtUlleh  1»  xooinljr  OQUi^lnd  to  tlio  lin* 
f««48  til#  lBtt«T  with  a  oii|rz«nt  "I"  wldok  ia  Indapondant  of  th* 
load  (fig.  30a).  ]%•  taza^ation  »  2^"  at  tha  Zaft  lumi  ai8a 

of  tha  lina  oan  ba  tzaaafozoad  to  tha  looatzon  of  tha  ooupllag 
potat  (aaa  fig.  30h}  "I*  and  *2^"  togethaz  foza  a  oozzant  aouzoa. 
?ha  loeation  of  a  voltae^  naxlenta  along  tha  line  la  to  ba  aouglit. 
tfhan  tha  aurrant  aouzoa  and  tha  load  "gN  «hleh  la  to  ba  aaaauzad 
la  tzmafazued  to  tha  loaation  of  a  voltega  aaxlmua  aa  ah^a  la 
fig.  30o  (ahloh  doaa  not  ohaaga  In  tha  tztmafozaation). 


Fld«3o  I  ZzaBsaiasioa  lla«  bariag  a  tazaiaatloa  idiiah  iaeludoa  a  i 

poaitiva  or  a  nagatlva  zaalpazt.  I 

•  I 

j|a  a  raault  of  thia  tzanatozaatloa.  "2”  tzanafozma  to  a  zaal  j 

zaaiatanea  B  «  8  2^  vhaa  tha  zaal  part  of  **2*^  lo  poaltlzot  «>d 
tzanafozaa  Into  a  nagatlvo  zaal  zaalatanoa  B*  <>  «>S‘2^  nhan  tha 
:;aal  pazt  of  *2*  la  nagatlza.  fha  ouzzant  ■*1*  dlzUas  itaalf  thua 
M^aan  the  zaalatanoa  "B"  and  tha  zaalatanoa  "B’'”.  In  t^a 
(laanar  the  riisiaua  zoltagOt  aa  daaozlbad  tgr  tha  follcmlng  a4mtlon» 
la  obtained  foz  fig.  3Qa. 
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aiga  ip  «bi  daiijlliiiitniriji  Mil  aa  iia  alga  of  tbo  zaai 
i»a*t  ^  "i**, 

firat  tU  aiitMPa  la  ftiUuM4  tgr  a  Mtohad  zoaiatanoa  «B  «  Sy 
Step  tha  following  voltaic  la  poamizad  aXong  tha'  line  oinoo  s  «  1 1 

Id  *7  1*1*.  (12) 

If  iM  aptanna  la  paw  ina«rtad  aa  a  oooplox  load  "g*  then  the 
fallowing  l0  valid  If  tlha  zeal  part  af  "Z"  la  poaitlvet 

^  •  ®pa*  ;r 

If  *1"  la  a  gpza  zaaatMoe  than  *1  Pp”.  If  "Z"  oontalaa 

a  oaipitiwe  i  eal  pavtt  t|»a  ^  following  la  valldt 

®paaf^*®a 

aai  *9^0*  oan  hava  m  oahittaxy  lazga  value.BQr  meaaiurlng  P^^ 
and  ooi^azlng  It  with  P^  tha  algn  of  B*  oan  be  found  by  help  of 
(13)  or  (14;. 

i  ■HiiryiiBl ,«  A,  awl*,  yilft 
?fea  following  oppppla  haa  boon  oteooa  in  order  to  explain  the 
pxinoiplea  of  the  neaaureMnt  teohnigaa  and  thua  the  exaaple  la 
rather  aluple.  Vo  paztieolarly  iatereating  application  of  a  Z.P. 
la,  therein  iieaozlbad.  4n  naajmaetxioal  antenna  having  coaxial 
feed -IP  alloea  for  aiapler  peaanreaopt  aa  ooopazed  to  a  aymMtrl- 
eal  anteana  Sherefore  one  half  of  a  folded  dipole  (that  portion 
above  the  oonduotiag  pl«ie}vaa  Med. 

9)0  la  loeated  in  the  exeat  of  the  anteraa  and  ita  aaao- 
clated  inpedanoe  alee  Inflaenoea  the  aaaatized  lapedanoe  at  the 
feeding  point.  If  Urn  biao  voltage  of  9m  f.B.  la  ohangedt 
different  poeltlve  and  aMPiito  talaee  ^  tlM  9.P.  xeelatenee 
e«p  be  obMlned.  fig*  92  iiowe  the  aoMured  eatewa  input  inpe- 
daaoe  for  varloue  dtodo  rooiatanoo  valiiot. 
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■’D 

•jmMtxieial  unsyoMietzioal 


fh«ztfor«  00M8  axlat  in  uhloh  the  input  adaltitmon  of  the  antenna 
oontalne  a  r.egatiTe  zeal  paztf  in  this  oaae  the  antenna  may 
operate  aa  an  aapXlfier.  Sinee  the  ouzee  of  the  input  admittaaoe 
oontalne  loopa  in  the  aitQtttaeee  plane,  a  oertain  wide  hand  be- 
haelenr  oan  he  obtained  if  the  antenna  ie  SMtohed^ 


/ 
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Blbllcgraphy 


Po  L't  leoker  "  Die  elektrlBohe  SelbBteriejjung. •* 

Hireel  Vbrlag  siuttcaxt  1947 


E.  Otrk  •*  StahllitUtBkriterlen." 

>.£.().  4  (1950)  paga  89-96 


D.  Bt/hne  *  ImpadanaaeBSungan  an  lunneldiodan 

im  •'Ukrcmallengabiet.”  Internal 
report  of  the  Inetitut  flir  Hooiifre- 
quenatechnlk  dor  Techn.HoohaohoMUnchon 


J.  Stelnkaop  ”  lapodanz  elnor  Antenne  nit  Tunnel- 

diode."  Diplocu:rbelt  at  the  Inetitut 
fUx  Hoohfrequenstechnik  der 
Zeohnleohen  -  Ifooheohule  MUnchen . 
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GlOBsary  of  Syabola 


Ki/'en  value  of  a  network. 

p  Coaplex  frequency 

Real  part  of  the  complex  frequency 

Rotating  angle  of  a  vector,  drav;n  from  the  origin 
to  a  curve. 

Y.  /dtiittance  at  an  branch  of  u  network.  ^Eepeolally  of 

that  one,  which  containe  the  negative  reolstor.) 

f  Adcilttunee  at  those  terainale,  at  which  the  real  negative 

realetor  is  to  be  inserted. 

Y  adnlttance  at  those  terninalo,  at  which  the  tunnel  diode 

^  ia  to  be  inserted. 

S  Voltage  standing  nave  rotio. 

Churakteristic  lopedanoe  of  a  line. 
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ViL*  1 

2ft4 

3&5 

b 

7 

8&9 

10 

11 

12 

■•3 

14 

15 

16 
17 

18ft19 

20 

21 

22 

25 

24 

25 

26 

27 

28 
29 

50 

31 

32 


Iilet  of  Illuotratlcne 

Uxaaplc  of  a  simple  olxouit  oontalninc  a  no^atlve 
rculstoz. 

Ueroa  in  the  p  >  plane. 

The  plotted  curve  of  the  aiding  P  -  PunUtion. 

L'xaopli.  of  a  cirouit  having  only  seroe. 

Kxuaple  for  a  oirnuit  having  only  poles. 

?ol(;  and  aeroa  of  a  netT^orh  nith  the  coxreapondlng 
odniktanoe  oharaktezietic  curves. 

nultable'odaittance  curves  for  stability  check. 

Stiikllity  teat  by  oeuna  of  iapedanoe  and  adnittnnoe 
curvea. 

equivalent  tunnel  diode  cirouit. 

Equivalent  TD-oircuit  an  tranaforaatlon  four pole. 
Example  for  a  tzanaforned  adiaSstcnce  curve. 

Iapedanoe  curve  of  a  tunnel  diode, 
aackeard  diagraci  of  a  tunneldiode. 

Stability  cheok  in  the  baoheard  diagram. 

Iapedanoe  curvea  of  circuit  examples  being  instable 
in  principle. 

Inpfidanoe  curve  of  a  stable  wide  bind  circuit. 

Stability  prokleas  involved  nith  the  deatten.  of  a  tank. 

influenoing  the  iapedonoe  curve  of  an  ort/'inally 
instable  oirouit  by  oeana  of  a  "tno>pole>otubiliaer". 

J'l^igns  of  some  **tno*>pole-stobilisoz  " . 

3n\e8tigated  folded  unipole. 

Tunnel  diode  Qount  in  the  folding  point. 

View  of  the  folding  point. 

Circuit  diagram  of  the  tunnel  diode  mount. 

Test  aet-up  for  iapedanoe  aeaaurement. 

('it els  diagzaa  in  the  ooaplez  iopedanoe  or 
rdalttaaoe  plane. 

C  rmsaiaaion  line  having  a  teraination  which  includes 
.i  positive  or  negative  real  part. 

Investigated  antanna  daaign. 

’eeaurad  od  iittanoa  ourvta  of  tho  taatod  antenna  with 
anc  without  tunnol  diode. 
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